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the akkual report of the board op regents op the 
iNSTmrnON tor the ykab ending june zo, leiSn 


SMTTHfM>NlAN iNOTITtmON, 

March 1013. 

To tk^ CofiffTfss of the Un^i€^I States: 

In nccordoncct with section 5593 of the Revised Statutes of the 
United States^ I have the honor^ in behalT of the Board of RegentSi 
to submit to Congress the annual report of the operatlom, oxpendi^ 
tnroap and condition of tho Smithsonian Institution for the year end* 
uig June 1912. I liave Lfio honor to be^ 

Very regpoctfullyj your obedient servant, 

Ceiaules D. \VaijcotT;p SiiTfinrif. 

Ill 
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3. Precoedings of the Board of Regouts for the sessions of Decem¬ 
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4. General appendix, comprising a selection of miscellaneous 
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REPORT 


flr THR 

SECRETARY OF THE SMITHSONIAN INSTITUTION 

CHARLES D. WALCOTT, 

FOR THE TEMF- BHmfffJUHE JWJL 


To ih^ Board of Regents of thr ^nutAs&nmii^ In^dttttlon* 

tiEXTLEarEN; I have the honor to siibniit tierowitli a report show¬ 
ing the operations of the Sinittmonian Institution and ita brnnehes 
during the year endiiig June SOj 1912, iiirluding the work placed by 
Congress under the direction of the Bo^ird of Regents in the United 
States National Museum, the Bureau of American ElUnologrt the 
Intematianal Exchanges, the Natiouftl Zoological Purk^ the .Vatro- 
physjcal Obwrvtitory^i and the United States Bureau of the Inter- 
Dationii] Catalogue of Scientific Literature. 

The general repc^rt reviews the affairs of the Institution propcFi 
with brief paragraph.^ relating to the fieveroi branches, while the 
appendix presents detailed reports hy those in direct charge of the 
work. Independently of the preseut report, the operations of the 
Xationiil and the Bureau of American Ethnologj' are fully 

treated of in separate volumes. 

THE SMITHSONIAN INSTITUTION. 

THE Kf?TABUSHME>rr. 

The Smithsonian Institution wuij created nn establbbmcnt by act 
of Congresii approved Augu.^t 10, 1SI6. Its statutory members are 
the PrEii^ident of the United States, llie Vice President, the Chief 
Justice, and ttie iieatls of the executive departments. 

THE nOARO OF HKlJENTR 

The Board of Regents consists of the Vice President and the Chief 
Justice of the United States as ex officio members, diree Merdben^i of 
the Senate, three Members of the House of Hejjrescntalives, snd six 
eitizeiLs, ^two of whom shall be resident in the city of Washington, 
and the other four slmll be inhabitunls of some Slate, but no two of 
them of the km me State. 
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2 A^nrUAL ftEPORT SMITHS JClAll INSTlTTTION, 1012- 

In n?gRrd to ihit p^tsonnel of tlic lioard T miir here reeon] that 
Dr. Janstfi B. AngpIL of Michigan, resigned on Janniiry 15* 1912, 
after an honorable senriee m Regent for yearns, Tlie vacancy thus 
caused was filled by Congress by ilie appointment of Hon- CRarles M", 
FairliarLkss, of Indiana, vrlio as Vice President of the Hnitcd States 
had formerly been a Regent from 1004 to 1I>O0. Representatives 
Scott Ferris and In'in Pepper were appointed Regents to succeed 
Reprc^n{atives Howard and I^fiinn. The roll of Regen(ji at the close 
of the fiscal year was as fnllowgi Jnmes S* Sbermnn^ Mce President 
of the United States^ Chancellor; Fdward D. Chief Justice 

of the United States; Shelby M. Ciillom^ Member of tiie Srnatei 
Henry Cabot Lodge* Alember of Uie Senate; August us O. Baeon^ 
Member of the Senate; John DrIkoUj Member of die Hon^e of 
Represent 11 tires; Scott Ferric. Memlwr of tbe House of Eepreki'idn- 
tives; Irvin S* Pepper, ilember of the Hoinie of Represeni.^Lives: 
Aiitlrt‘w D. White^ citizen of New York; Alexander Graham Hell, 
€]ti;&eii of Washington* D, C,; George Gray* citiKen of Delaivnre: 
Charles F. Clioate, jr.^ citizen of ^!aaaae.hii^tt$; Jolm B* nender- 
son, Jr.t citizen of Washington, D, C*; and Charles tV. Fair ban bi, 
citizen of Indiana- 

Tlie annual meeting of the board was held on Decornber 14, 1011, 
and the u^ual supplementarj meeting on February fi. 1012. The 
proceedings of these meetings and llie auniial report of the execjutive 
committee are printed in the cn^^toma^y form and the del ails need 
not therefore be repeated here. 

GENEUAL CONSIDERATIOXS. 

Tlic affaii^ of the Institutiou and of its branched have lTe«n con- 
i]ucte<l during the year with succes?^ and, I trust, [o the satisfaction 
of all interestofi The work coA*erK practically the entire field of 
natural and ph}^ical science, os well m anthropological and archeo¬ 
logical researchesi. Tise extent of that work is limited imly by the 
amcnint of the funds availtible. I referred in my lost report to the 
establish men! of a trust fund by Mrs, E, H, Hairiman for carrying 
on certain research w^ork, and I derfre here to mention the generoaity 
of several friends of the Institution who have pcovided means for 
engaging in certain biological expeditions. 

The equipping of tbe new National Museum btiilding with casK 
and tlie installation of the coUectioiLs progressed sati^ifadorily. Tt 
is luiticipated that during the fiscal year 101^1 the building will be 
entirely occupied and all the exhibition halls opened to the public* 
The great e,xtetit of this work mmy be best underwood by the state¬ 
ment that the exhibition balk embrace an area of about 220.000 f^puire 
feet, or ft acri?}?. The installation had been ifo IhorOiighly planned 
by Assistant Smtlnry Rathbim and his associates that the work in 
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all the dojiartmeiits hna advnni-ed in an orderly and systematic 
fashion. 

Altliongli the new Mnscum building is intended primarily for the 
exhibition of nntnral-liiston'' spctimenii, the main floor of the large 
central hall bos been temporarily given up to the exhibition of die 
collect ions of paintings belonging to the Kntional Gallery of ArU 
It is to be noted in this connection that Mr. Willinm T. Evans has 
presented 137 paintings illustrating tlie ivork of 100 American artists. 
This extremely vsiluahic collection should in due time be housed in a 
suitable art galler}', irith other valuable collections of this character 
belonging to the Govemnient. The details of the development of the 
Miiseum system and accessions maile to the collections will be focind 
in the raport of tiie assistant secretaiy in charge’of the Museum. 

As I bnve stated in previous reports, I lielicve it desirable to csinb- 
tish a number of research associatesliips similar to tlic llnrriroan 
trust fund, wlicrehy especially capable men in the several branches of 
science may he afforded opportunities for research work witliout tlie 
care lUid burden of administrative (Intics, and with full assurance 
that as long as their work is properly conducted it will be continued, 
and that provision will be made for them when incapacitated for 
active service. The Odd for scientific investigation is extensive, and 
there are numbers of worthy projects that can not now be under¬ 
taken liecaiise of lack of means—projects that could not properly be 
carried on througii Goveniinent appropriation, but which the 
Smitluionian Institution could readily imdertalm were tlie means 
available. 

Ill this connection I would call attention to the organization of a 
Research Corporation in which the Institution is particularly in¬ 
terested. 

Jieetarck €6rp<>ration^ —^Dr. Frederick G. Cottrell, of the United 
States Bureau of Mines, having generously offered to present to the 
.Smithsonian Institution a valuable set of patents relating to the elec¬ 
trical precipitation of dust, smoke, and chemical fumes, it seem^ to 
the Regents advisable, for various reasons incident to the business 
management of the patents, that there be organized a stock corpora¬ 
tion which could take title to the patents and in which the Institu¬ 
tion should l*e indirectly represented by the secretary as an indi¬ 
vidual, and not in his capacity os secretary. Tlie recommendation 
of the Regents being acceptable to Dr, Cottrell, the Research Cor¬ 
poration of Xew York was accordingly organized and incorporated 
hv certificate executed February 16, 1012, filed in tbo oflice of the 
secretary of state of New York Febman' 26,1912, and In the office 
of the clerk of the county of New Y'ork Fehruarr 2T, 1912. 

The objects of the Research Corporation are explained in the fol¬ 
lowing circular: 
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AKKUAL IIEPOET SMITH SO N^IAN ISSTlTlTlO^f J&I3. 


KMl^yttATIOS. 

Jhv BM^arcli Carpoititlctt Imn rwiiitly t>cciL ur^alzcd the uf tJm 

IrtniEp of New York a wlf-eiipjwrllniE meanm of farOiwlnij HGlentLAc atid tecb- 
fUdil twarvli- The corpamtlon luw Lwo otjjeets; Flm, to ii«iiitre tuitiitLoiia 
EiHid poteoiB and to nmkc tbeio more nvnilablo In Ebo arts Ami loii.tnstrleN, while 
UJilug ttom m a eoom of Itieome; nmh second^ tq apidy all profEti derived fnam 
sqcli use to the adTanccunint of K^lmlcnl and scEentiae Invest! pitlnn nod oi- 
perlmontfltlon tlLTDii)?li tli^ af the BiuIUiboilUid iDEiItutlon niHl niieh 

other sclentide and ediicntioafil !p«titqtlooB and ivicletles as may bo Beleeted 
by ihp airteeiora. For thstAo Uie corporation Unn l)«a ennlulLsiBl at 

divided lata 200 Bbatea, bnt tte eharter provides thnt tie chviiU-ndH ehttll 
be puld anil thnt tboimtlre aet pfottta shall bo derotod to reAenrcii; all ibe stock 
bdcip' bold under a stockholders' fijEFrecmefih whlcb retHiiS that the corporation 
haH been orgnalicd for the purtiOHe nf aliltng and enccora^pg tcdnttCAl ntnl 
tvlentllk' rcsonrcli^ and nol for pcr^iml et IndivMuol proUt 

At the present time many dlacovoriijaf ato ctrastaiitly bclnj^ made, which tin- 
dndbtedlj fiossess n f^renter or li^ potantlnl vnhie^ but which are lltomlly beln^ 
allowe^L to go to waste for lack of thorouBh dcvcIopmiTnt. This Is dua^ In soma 
caeca, to the fad ittfll the Inventors an? men In the serrfoe of tlie fJoyeruioont, 
or in Ibe tmlvpjrsltles or technfcB) schools, who ore retord«l eJtUer by olBclnJ 
position^ Ijidt of mesiiiK or reludHtii^ to ou^ge In coaimercUl enteri>rlti^; and 
In olbct canes lo the fact tSmt a dlaccvery irndt^ InddenluJly In the inhoratcry 
of n niLimifacrtartne corporation iloi*a not lend Itself to the partlcnar porpo^ 
of such corparatlon, Tiw conser^allan demands that aueb bj-pretliictB as 
ibcEi? aliaU he develfipwl and iitlTlsetl to the fnltiist eitent af whlcb they nro 
eapnlik". The lloseareli CcrporiiLicn ntmfl to supply thifl demand i omb ihitaiKh 
the coopera tlou of the SmttbBonliin Inetittttloti and the uttlver0iUefl> to carry 
forwartl the work of UiyEstlgutlon already begtin hy oUiera upon llniia which 
promlw Importnnt results and to perfect Ruch Lnventlons ju may prove it^ 
possMi comnwJTclal mine, ihua hrlngln^ aclenildc Institutions Into cloaer rela^ 
tlofl* with iiktluslrlnl atrtivlUes and furUierhig the Impre^oiacnts of itnln^trliil 

pjVJp^BSCfts 

The e?tnblli!hcnent of the Heaeajrch Corporation has bmi rt^ndcred Ininiedhilely 
|io 7 i£lhIe by the acqnMtIcHi, thiwu^ll the ^Ift of Dr. F. G- Colttelli of the Cnlted 
Btaiea BureuP of MEncs, and his flwclttteg, of a valuable set of putents relating- 
to Gie prerlpStntlon of duet* smoke, aud theiplcal fiimes hy the n»e of oleGtrlcnl 
currenta ^leise devices have already beett tested and are In tK|>erntlon In sev¬ 
eral WcErtern Suttea, and are folly described In an article ta Jadustrlal and 
^^ [^ TifwinF Chemistry "t for August, HlIX The ow-norahlp of these patents 
and the erclaelve ™trtil of thcmi exrapl in eU Western Btalejs at once assuroai 
« ij^ertain amoimt of business to the coritoratlob, aeut It already has cuornieljs 
ffi-r prollnilnary last a lln lions In the GarfleM Bmp Iter of t he Amerfcan BmelEer 
A BeAntug Co., tbo Sow York Edison Cor, nnd the Baltimore CoptKjr Rertnery. 
Numerons Inanlrl'ea have been received fram other Lmiportaut plantf^is 

Besides the paten 1 b which liiivo nlreiiily been trafLsferrml to the corporatlun, n 
number ef others Iti vartona delda of InduHtry have bctai offered by omeenn of 
the Oovominent nud Jielentldc InstltullDns, as well ns by mnnnfncEurlu^ 
poratlotis bolding patent^ not nr&ilable for Ihelr own purposes. A simitar offer 
hflH ahffl come from OertminyH tbrougb ^r. Erwtu Molloi', who bay devidoped 
certain lavetitloiia In the lUiinr Held aa tbs Cottrell iiaievita^ and undoubtedly 
there ore mnny others who will bo glad to have their luvcntlons utUjgeil for the 
benefit of selenilflc researdL 
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Tile ULticLfi^eiuefil at \U4? corLKhi^llon Is ta tlie of ft boRra of 

Mtftposed of Imftlnoss aail professlftmil mea, man^ of ^hem Imve Itnfl cxperlenre 
In Iftrgo Jndimrial and es^terprfa^ Among Lhc^tn oro Dr. Clmrlei D. 

Wflioott, Sevretjirf of the SmltlsaonlAn TneiltoclDik; Clwrlos KSrcliIioffp rwouit^ 
prcflldent of the Afiierlcan Society of MLnlDg Englnma; Arthor D. ULtlix 
dent of Uie Amerlenii Otemlenl Society; IleEmoa JoiiiHn.gH^ of Washington; fJeii. 
T. Colothiin dh Pont, of Wilmington: James J. Storrow, Cbnrlos A_ Stone, nnd 
Prof. EJlhu Tbomsoiip of IkHiton; Fretkiriek A. Goetae. deiin ol the fftcaJty of 
npp3led ndence of Cttlumhla UnlrersHy; EJon Huntington Hooker^ pn>s!dcnr of 
the DCTOlopniont find Ptmillng Co.; Tbonmo C, Meadowe^ vt» prestdi-^t of the 
Inlr'mntloncrl Agrlculturat Corporation, nnd B^amlu B. iJLwronco qnd John 
B. PStw. of l^efw Yarle- tXoyA X Scott, ts the Mifrotnry nnd I-lnn Ftrtidiey tlto 
engineer of ihe corpomUasi. 

The Research C3oriioniilou Jntitott oormpt^tulence irJth Indupiriql ooncemR 
who are Lntensted In perfecting their operatlooa. 

Atl communtciitloRB phnuld be lo Re^pch Cori^mtliaa. Xo. <33 

Wall Street, New York aty.** 

Thd Cotlrtll patents c^ver pra^esscs uscfl In the precipitutinn of 
poll si particles from ga^ and Biiioke produced in smoUors and cement 
plants Considerable injury" bns been suffered by orehartis and crop-^ 
in the ncj^bcrhood of tlte great cement plants in California. The 
Cottyell processes linve met with snceess in removing the particles of 
cement from the ^cke and gase^ of such plants and jiartklcii of lead 
and other metals from the smoke of smelters^ as well as the abatement 
of smoke nuiTiAiices in goneroL It is expected by Prof. Cottrell that 
there will be great economic advantage in saving the solids in the 
and smoke. 

FIKANCESL 

Tlie permanent fund of the rm-^titution and tlie sources from which 
ii was derived are follows; 

JS/’prtWfpd fpi rrccMtfr^ o/ ^rafra. 


B«|qnrt of f^mltliBon, - --_$915, 030.00 

Resldimry I^ey cf j^mabnon, _ 2tt.2l0.iia 

Dopoflit fmn 3 «avfa^ of Income;, 1807 __ _ lQS,Ck30-3T 

Bef|iiMt of James HomUtoa. 18T5~ ____ |1,OCKI.OO 

Amirnidated laterest an HjiiEidUati fuud, ISflC __ 1,000.00 

-- 2L 000.00 

Bequ^l of SEuieon Hnbet. ie30__^ __ __ __ _ _ _ ROO, 00 

Depo^U ffnnj prnc«cdii of sale of Imnd^ ISSJ ____ 51, ,000. m 

Gift cf ThciQJiA O. tfodekhiii, ____ 300, COO. 0(1 

r^rt of reBldncLiT of thciDias G. nodgklas, 1S04^--. __ 8*000.00 

Deposit from savirijpi of Income* 1008 __ __ . _ 25^000.00 

R^Eldaftry irpipy of Thomaa G. Hod^CE ____ _ . 7,ai3L(5!l 


Tolal ftnmimt cf faad In tlm United Piiatre Treamiry,__ 0-14, 08“ 

Be^Etored aad gmrftutecd bcniLi of the West Shore R. R Go. (ear 
value), put of 3o^99cy of Thoma« Q* H<Htpldns__ __ 12, wni, drt 


Toml [lenDiioeiit fund,. .....-..-. _____ 13^^ 318. 011 

8533110"—EM lftl2--2 
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In addition lo lUe above there aw fonr pfciicft of i^ni east ate 
bequentiled to the Institution by the late R. S. Avety^ some of which 
yield a iionunal rental ftud all are free from location. 

That part of tJje fund de|>ofdted in the Tre^isury of the United 
States bears interest at 6 per cent per annuiD^ under the provisions 
of the act organizing the Institution and an act of Congress approved 
Jhfareh 1 % 1S^H+ 'The rate of interest on the West Shore ibiilroad 
bonds is 4 per cent per annum. 

The income of the Institution during the year^ amonnling to 
$lO7d0S.31. wns dorivixl as follows: Intere?^! on the permanent foim- 
dation. $33^75.IS; contributions from varioua sources for sperific 
purposes^ ?"21450; and from other rui^pllaneou^ loiircest 
all of which was deposited in the Treasury of the United States to the 
credit of the current account of the Inst i tut ion. 

With the balance of $3i2j42.'>.&& on fluly 1+ the total resources 
for the fiscal year nuioixnted to $lMj593,fJ7, The disburseinentij. 
which are given in detail in the annual report of the execistivo foin- 
niittee^ amounted to $lOG/>33.SSj leaving a balance of $335060^CK> on 
deposit Juno 30s tn the United States Treasniy* 

The Iicjtitution was charged by Congress with the disburi&cmcnt of 
the following appropriations for the year ending June 30, 1012: 


Intematlonnl E^clkctiiaes- --------- 

Ameticiia Ivihaolum'-- -----—— 42pCHin 

AfftrwnafiFlcill ObKiefn'ntorr --^- — 13,000 

;Xfit1onnl Mnaeuai: 

Farnltore anO flxnirea —---— -- - 1771, iiOO 

Hcntlna anul lt?rbt-- --- ^-. „ 50, fXJO 

PreBorvution vt coliectlMt* --—_ _ OiW, DCs) 

Pewmee- -- ^ —. ..--- , - 500 

BiilMlof repnlrE -------- 15^000 

TfjitloaiU Zoc^loeiciil --—--__ . 100,000 

IntcraattciELiil Cntalofujc of SUrlualUtc TJteratura^^-^^.^ __ 7,ri00 


TbloJ---- - ---7^2,000 


EXPLOIL^TtOXS AND BKSmRCIlES. 

Scientific explorations and researches have been carried on during 
the past jear at the expense of the Institution as far ae its limited 
income and the generosity of its friends would permit. The Na¬ 
tional l^fuseum has participated in some of these enterprises by fiir- 
nidiing equipment or supplies or by detailing memhers of its stall 
to conduct inrestigations or to make cO'llections that are subsequently 
transferred to the iluseum* Other researches mado llirough tlie 
Astrophysical Observatory and the Bureau of American Ethnology 
aCe referral tn elsewhere in tills report. The rcsoitrees of the Insti¬ 
tution not being sufficient to enable it to plan extensive inveatiga- 
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(tons In (lie field or to maintain u corps of roUectors, it is oonipollt'd 
to conceittrrtte its efforts on special work of limited scope, but of 
such a character tlmt tlie results shall, as far os possible, have an 
immediate bearing on the progress of ffiience. In recent years, as 
in the whole of its past history, the Institution has had tlie aid of 
public-spirited citimns and the cooperation of other institutions 
and of the seiveral branches of the United States Government. It 
has, in turn, cooperated with other organiBations in the explora¬ 
tions which they have conducted, being itself benefited thereby and 
lienefiting thcec with which it has been associated. 

in recent years opporhinitles have been jtllordeii for parUcipaling 
in ft number of exploring itnd hunting expeditions or^nix&l ly 
private enterprise, whereby scientific collectioufi of great Importance 
have been obtained* These collections, with thoee fnim other sourtes, 
arc preeen'ed in the Kutional kinseum for exhibition to the pnbiic 
or for promoting scientific studies. 

The field of these activities of the Institution has l)cen world-wide, 
but attention has been recently concentrated no .Africa nod the 
Panaum Canal Slone rather mote ihiin on other regions, 

immiEs IS cAMiHH.vs oBonocn- .ikd rAueosToumY. 

During the field sefleon of the fiscal year IDll-lS, <ir the spring nod 
stimmer of 1&13,1 continued the csdlecting of Cambrinn fossils from 
the fainouB fo^il localitj' above Burgess Pass, north of Field, British 
Columbia, on the main line of the Canadian Pacific Railway, for the 
first two weeks of .Tuly wid tliree wcelta in September, 

On the way to the Canadinn Northwest I stopped off for s few days 
to examine the locality nn Steep Rock Lake, llO miles west of Port 
Arthur, where the oldest pre-Cambrian fossiliferoiis rocks occur. I 
had made a small coUeciion, when, by the swamping of tlie canoe in 
which we were working in the rapids of the Seine River, n short dis¬ 
tance from the lake, Dr. J, W. Truman, my guide and fellow geolo¬ 
gist, of the Canadian Survey, was drowned, and the work thus most 
nn fortunately brought to a close. 

Outfitting at Fitahugb, on the Grand Trunk Pacific Railway, I 
went with a wcU-eqnipped party over the Yellowhoad Pass on the 
Continental Divide, leaving the line of the railway at Moose River, 
17 tnilea west of the Pass. The Moose River was followed tip to ita 
head at Moose Pass, whore we passed over into tho drainage of the 
Smokv River, making several camps on route. The final camp waa 
made at Robson Pass, between Berg and Adolphus Ijikes, A recon¬ 
naissance of the geological section from Aloose Pass to the summit of 
.Mount Robson gave approximately 12 jOOO feet in thickness of the 
Cambrian formations and 3,000 feet of Lower Ordovician strata. 
Fossil beds were found at several localities in this section, imd one 
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<if Ihpm the east side of iruml Gluc^it^r p^OIn^t^^>s to ^ve ih^ fitiest 
spcicimens from the Lower Cambrian rock^ of Uie western ^de of the 
continent 

Alntiy photographs were taken both hj my^lf and J£r* IL C* W* 
Lott, of the Grand Tmak Pacific Railway^ who aecompaniod the 
party for two weeks, 

Tlio scenery olxml Ifoiint Robson is probably tbe Snest in the 
Cnrindian Rockies, as for as now known- The glaciei^ are on a grand 
scale, and the geology presents many large problems for iwlution. 
My object in tisiLing the Mount Robson region w^as to secure da la 
for comparison of die section of Cambrian rocks there with that on 
the line of the Canadian Pacific Rail way j 150 miles to the south. 

RAINEY AFttlOAN EXPEDITION* 

Th?^ Smithsonian African espcflition, under CoL Roosevelt* had 
fscarcely returnee! from the field when the Institution recciTed invb 
tations to participate in two others^ organised to explore the same 
general region. 

The fir^t was Jlr* Paid J- Rainey's himdng trip to Brithih East 
Africa and southern Ahysslnia^ where ilr. Rainey especially planned 
tn hunt liona with a pack of Atnericati hoimcis* The naiiiral-hiiitory 
collections that might be secured were offered to the Smlihsaninn 
Institution, proTided an expert field naturalist be sent to accompany 
him and prepare hucIi of the game collected as was desired for es^ 
hibiti<m or scientific Etudy. Mr* Edmund Heller* who had accom¬ 
panies 1 the Smidiiionifln African expedHion in such a capacity^ was 
selected and departed with Mr. Rainey in FehruEirj', IDli. The 
collection made has l>cen climated to contain some 4JOO skins of 
mamuiah!, together with nuiny bird;^* reptiles^ ami other animak, 
making very valuable additions to the present .^kfrican collection in 
the Museum. Nearly ail of the material is from localities not 
covered by earDer expeditions^ and some of it comes from points 
never before visited by tiaturnlkia. The i^dJectiim includes the 
famous series of lions taken by Hr- Rainey with his American 
hounds* as describ€?d in his well-known lectures. There arc also 
many specimens of different kimk of antelopes, Including the harte- 
beesL§* wildelieestes* and waterbuekST as well as buffaloes, Kcbras, 
cheetahs, monkeys, and rodents. A few liip|H>potamus anil rlunocerc >5 
skins and one eleplmnt were also collectc-dp 

A large nitmber of birds were secured, including some of the rare^ 
gpecicis. Mnny are game binH among tbem gumca fowls and frun- 
colins (which iambic onr partridges), and plantain calcrs, rixjws; 
bustards^ vullurfei, vnllurino guinea fowl, owls, baw-ka, kit^^ secre^ 
Ury birds* hombills* pigeons, parrots* sun birds;, flycatchers, etc*, are 
representedP There are sbo four ostrieU eggs. 
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The paftjr rcioained Ju tlie fiifld nearly n ytiir, baT’in^ from 

Xew 'Vork for t^Iombaiiu on February 18) 1911, atid dispersing about 
Fcbmai'y 15,1S>I2, at XairobL 

The territory tmvenictl was meetly to the north and east of that 
coTcred by tbit Smitlisonian eBpudition, and Included the country 
lying betrreejj th« nortliem part of British East Africa and sonthem 
Abyssinia. 

FRICK AFniCAN tSFEDITIOX, 

A further natural-history ejipodhion to Africa was that of ifr. 
ChiliLs Frick, of New York, whose object was lo secure a collection 
of animals from the territorj' lying to the north of the regions virited 
by Col. Boosev'elt and Mr. Rainey, covering at the suiue time certain 
parts of Abyssinia, norihem British East Africa, and the country 
lying about Lake Kiulolf. ^Vs uaturiilist of this party, Dr. Edgar A. 
Mearns, of the Smithsoiiiati African expedition, was elioscn. A por¬ 
tion of the collection of birds is to be donated to the Smitbsoniaa 
Tostitutiou bj' Mr. Frick, and already scverul liundred specimens 
have been received. 

lUOLUUlC.iL StJEVEV OF TlfB FAX AHA CAXAL BUN'S. 

tiientioned in my last ret»rt, the Institution organised in 1910 
a biological surv<y of the Paniinm Canal Zone, with the cooperation 
Ilf tlic Departinent.s of State, Agriculture, Coiunierue and Labur, and 
M'ar. At first it was intended to confine the collections to the Canal 
Zone proper,.but as the faunal and Jloral areas extended to the north 
and south of this region, it was decided to cany the work into the 
Republic of Panama, a stop which met with the hearty approval of 
that Republic. Tlic work acoomplUhcd has been very valuable to 
science, including coUectioiiH and observatioiiB of vertebrate uninials, 
land and fresh water mollusks, and plants iticluding dowering plantB, 
grasses, and ferns. 

During the past year the botanists have continued their studies, 
and colkctiojis have been made of fishes, reptiles, and amphibiana, 
birds, and manumils, and special studies and collections been 
made of the microscopic plant and animal life of the fresh waters of 
the zone. 

As can readily be imagined, the life areas on the zone-will become 
confused as soon as the canal m opentil and the waters of the Piicific 
and Atlantic watershetls are intermingled. It is particularly im¬ 
portant on that account that (be present geographical distribution 
of animals and pknte be recorded prior to that time, and thia is 

especially true as reg.irda the life of the fresh waters and the sea- 
tsoiliita. 
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runiphkts liiiw been i^ued from time to thiie descriptive of eoiiie 
of tliti new or ispcclally iniei^esd-inj^ forms of animals and plants col¬ 
lected by the sim^eys and jls $0011 us the mass of materiai has been 
worked op it is proposed to publish general accotmts of all the vari- 
cKis collectioiis, and also one or more volmnes containing a summaiy 
nf the whole fauna and flora of the Ciuni.1 Zone, 

As an indication of die biological Talue of the aurTey of tlie zone 
I muy mention tlmt of grosses alone about 150 species were collected, 
being four to five times os many ns were previously known from that 
regioiL In the csdlections of hinds and majnnials there are likewise 
many forms new to science. 

SIfiZBZAN EXPEnrHON^ 

Tlirongb the liberality of 11 friend^ Mr* llieodore LymaiL of Cam¬ 
bridge, Maisi-t the Iiislituiion has been enabled to participate in a 
Kordogical ex|]ediiion to the ^Utai Mountain region of the Siherla- 
Mongolian border^ Central Asia^ an exceedingly interc^ing territoi^j 
from which the Xationol Musenn^ at present has no collections. A 
Muisenrn naturalist detailed to accompany him, the expenses of 
the expetlitioii being borne by Mr* Ljmian, and the natuml-lnstory 
collect ions obtained to be deposited in tlic National iluseum* Al¬ 
though this expedition had not completed its \rork at tlic dose of the 
fiscal year, yet 1 may here anticipate some of its results by stating 
tliat the Museum will probably lie enrichctl by a large number of 
intetx^ting specimens of birds and Riaiiiin&t& 

The scene of the szin^cy and cAploration^ the Altai Mountain re¬ 
gion, is n particularly wild country and ijnite iinsottledj although it 
is well stocked w'itli game. Tiicse mnimtuiiis nre inhabited by the 
largest of the wihl sheep, whidi. with the Sbes, will form the prin¬ 
cipal big game animals sought by the paiiy, but a genera] cc^llectiou 
of ORialler mauiinab and of birdK will also lie iniidc. 

EtonxEti ExncBmoM. 

For more ihan 10 years past Dr. W. I* Abbott^ of Phil add pbU, has 
been exploring the Jlailay Aivbipelago and Iuib given all hbnaturah 
history and ctjuiologicai collections to the Smithsonian Institution 
for the UiiiU'd States National ^luseum. These collections, {eit as 
the vertebrates arc wncerned, are the most important cTor reedved 
by the ^luseum ftx>m any one per^n* Through illn^^ Dr. Abbott 
has been obliged to abandon his exploration^ but Ins interest in the 
IniJtilntion lues not abated. He has engaged the serxioes of a col¬ 
lector and placed at the disposal i>f the Institution fumls for 
continuing the exi>If>nitiotis he had liegiin in Borneo. 

TIic field work will be ciirried on in eastern Dutch Borjieo, the 
natural history of which is pi’acticully unknown. Nothing rebitiiig 
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to it bevn publishfeiU miii there ure tto cnllisi?tionfj from tkb region 
in the United States^ although the X^Lional has some from 

the west arid sr>uth con^ts of Borneo. The EiisLilutiDii b fortunate in 
having this opportunity to ^tudy a country prarticnHy unknown to 
zoologists. Jt Is hoped to secure a quantity of intern ting materiuh 
including the characteristic mrinimaLs of the country, such jis orangs^ 
(leer, wiki pigs, squirrebi and xSrtuiller rodents, and possibly specimens 
of the rhinoceros and tapir, 

inOUXHC.IE Simi.'Kr tS the CASXDIXS nOCKlES. 

TJirough tlie courtesy of the Canadian (lovernmeJit imd of Dr. 
A. 0. TiMieeler, president of the Alpine Club of Canada^ tlie Smith- 
soman Institution was enabled, in the summer of IfUl, to send u 
small party of naturalists to uccompany Dr. Wheeler on hi.^ topo¬ 
graphical iriirvey of the British CoUiiubia and Allx?^rta boundary 
line and the Mount Bobson region. The party slotted in June and 
returned in October, IBIE- The expedition was very surcessful in 
obtaining u collection covering practically all the Innh and mammals 
inhabiting this previously unworked territoiy, together \r\ih many 
itisccls anil boUmiciil specimenSi TJie land surveyed included the 
territoi^' lyhig about this m nun tain in the heart of the Canudiuzi 
RockicH, comprising the most rugged and broken country imaginable. 
Amid tins wonderfuJ scener 3 " Mount Robson rises in titanic outline, 
the highe=>t peak in Canada, probably l>etween 14,500 and 15,000 feet 
high, and surrounding it for a distance of 50 mile^ in all directions 
lies tiie field of the In this wild oiid unclaimed country' ibc 

part}" of naturalists reiiniined nearly four months, pratected by 
special permits rnitii the Canadian Government. The collectiun 
iu-cludcs ^ome 900 specimeus of birds and mamumls., the latter being 
of all kiiids from tinv sliren's to carilioii and bears. Gne enortnoiut 
grizzly bear was obtaiiii>N[l by a fortunate sliot, 1^1 ueh fine material 
for exhibition groups w'os secured, including a series of caHboii, 
mountain goat,'?, moimtain isheep, beaveiE, and many varieties of 
smaller animala. , 

ANTflBOl-OIjlHlICAL RESEAEClfES IS J^JliEUlA ^lOXaoniA. 

Toward tlic close of the fLscul year arrangiE?mcuts were made, in 
coDuectlnn witli the authorities of the Pauama-Califomia Expusi- 
lion of San Diegu, to carry on, by or under the direction of Dr* 
tlrdlii^ka, certain researches' in anthropology, among utherSj those 
liearing on the origin of the ^\jiieriinn Indians, In accordauee w ilh 
ihefje plans Dr. Ilrdticka left for eastern Asia to search for and, if 
founds to I rare, at leoiyt in a prelimbiiiry wajj any jm^ble reiiinaiits 
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of ill* stock nf 15«op1e from wliich, prububly in llie distunt past, tlw* 
rudiment!} of tlia jVmerioon raw bmncLed ntf. This work touches 
wLitt is rapidly liecoming tiic most miportant subject of reijCArcU lii 
^\jiicricim amthropology. Tlje first part of Dr. HrdUckii''s visit was 
to be devoted to Hit Yenisei rc|poiif in n’hidi, judging from the re¬ 
ports of HuEsiao oiiservers, there eiist remnajiis of very imperfectly 
known tribes, whcee physical tyiH! apparently bears a close resem¬ 
blance to timt of tile Aniertcan Indian. From Uie Yenisei his in¬ 
tention is to patis through the Irkutsk Oblast and reach outer Mon- 
golioj and then possibly Turkestan or China. Due to the hntueusity 
of the territory' and the limited time now at the disposal of Dr. 
lirdiicka, U is expected tliat the present journey will have to lie 


largely of the nature of anthro^logical rcconnO'insance and prepuni- 
tory for future inveatigationii. 


ANTlQUmr OF it AN IJf KfBOPE, 


A grant was made to enable Dr, lirdiicka to make personal studies 
of the originals of all the well-authenticated skeletal remams of geo¬ 
logically ancient imm of Europe. The recent discoveries in this lim; 
have Ih^i) of such an importance that a direct mvestigation Into the 
subject by an cxiwrienced anthropologist was very desirable. The 
results of Dr. Hrdlicka's studies will be prepiirotl for publication. 


nnaBAHcuKs i-nroRR Tftn iiuucKiNs i-tnu. 

A liiiiitetl grunt has been made from the Ilodgkltu; fund to enable 
Mr, Anders Knutson Angstrom to iiuike cerbiin observations on noc¬ 
turnal radiation from the earth at Bassour, Algeria, in vomiection 
with observations to detenmne the variability of the sun, tvhich have 
l>een in progress there under Mr. Abbot, of the Smithsonian Astro- 
physical Observatory. The results of Mr. Angstrom's researches are 
nwaited with interest. 

jiVs mentioned in my last report, the Institution has arranged for 
thisdlstribution to various parts of the world of standard silver disk 
pyrhelioineteta deaigncd by Mr. Abbot, of tlie Astro physical Observa- 
lory, with H view of securing accurate data and.more exact knowledge 
of solar radiation and the influence of the terrestrial atmoc^phere 
upon it. 

A portion of the income of the fund is devoted to the increase and 
ditfusion of knowledge in regard to the nature and properties of at¬ 
mospheric air in connection with the welfare of mao. There was pub¬ 
lished a few years ago a nmiiher of papers on “■ Expired air,” “ Or¬ 
ganic matter in air," “Tlie air of towns,’' and other phases of this 
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gcnentl subject There is now iti preparatiwi by Dr. Leonard IIUI, 
a.ssocdnt:et1 with Dr. i^fartin Flack and other investigators of the 
Londtiti Hospital Medical College^ a paper di^ussing the results of 
csperimenlM to determine the influence of the atmosphere upon our 
lieidth anil comfort in confljicd nnd crowded places. 

> 

aailTEieOSIAJtf TAEIL£ at XAl-Llia ZOOtjCH^lCAj. STATION. 

For ttic past ID years the Smlthsoabn Imtittitlon has maintiEinetl 
n table for tlu' tia? of American biologists at the Naples Zoological 
Station. This table atFords eifoej^tional opportunitios for the study 
of marine life^ ajid it is belicred that through its use the oansio of 
biologlcjil science liEis been much advanced, 

Tlie appointment of Dr, Rergius IforgulieH a Parker Traveliug 
Fellow from Ilnrrard* which was approved for the months of Msy, 
Jnne. and July, wim continued imtU July 2^2, IDII. 

Dj\ Ch. Zeleny, of the Uni verity of DUnois^ who was appointed 
for one niDiith. including part of Juno and July, ooutinued hh occu- 
piincy until July 20^ IP 11, At the close of the fiscal year no report 
had been received from Dr* Zeleny in regard to the work iiccom- 
plished. 

Dr. Fernand 113 Payne, aasistant professor of ssoology at the In¬ 
diana Utiivcrsiiy. carried on researches at Naples during the Jiioutlis 
of April, May, and June, 1912. His studies included: (a) Selective 
fertilizntiont (&) Cleiivage factors^ and (c) Some pre^re experi' 
mentft. In q brief report on his work. Dr. Payne stales that he has 
(1) completed ii paper on ^The Chromosomes of 
borealisj'' (2) ooUected a large lunount of materifil on ^r^tlot^^pa 
and eijwctfl to study the question of synEipsis. ring forma¬ 
tion ^ chondriosoniest and the ses chromosomes in this form. 

When the same period is selected by more than one student the 
earliest applicjition is considered first, the approval of tlie later oiies 
becoming necessarily dependent on the ability of tho station to pro¬ 
vide for more than one Smithsonian appointee at the same time. 
It should 1)0 added th^t the obliging ^hown in this eonn^- 

tTon to appointees of tim Smithsonian Instittition by the director of 
the station often i^ermits appointments to the seat which would other¬ 
wise be irnpi-acticabk. 

The prompt and efficient aid of the advisory committee in ex Am In- 
ing and reiiorting on applications for the table is* as it has always 
been, of great sendee to the liEBtitution and is verj' gratefully appm- 
ciated. 

The Institution liiis renewed the lease of the table for another 
iwrioJ of three yeai^ 
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PntLIGATIOSs(, 

One of the thief Rgencies of the Insstitutlon in promoting “the 
diffusion of tmo'wledge luiiong men ” is the publiciUion and ilLstrilni- 
tioii throughout the world of tlie series of “ Smitlisonian Coiitribu- 
tiotis to Knowled^,” the “ Sniithsoijian Miscellaneous Col lections," 
and the Smithsonian Annual Report. Thtt« three series constitute 
the publications of the Infeiitution proper and, with the exccpllnn of 
the annual report, are printed entirely at the expense of Smithsonian 
funds. Other pnlilicutions issued under the direction of the Insti' 
tution, but at the expense of the Government, include the Proceedings, 
Bulletin, and Annual Report of the United States Nalutnal Museum; 
llic Bulletin and Annual Report of the Bureau of American Etlinol- 
ogy ; nncl the Annals of the AstropliyKical Observatory. 

The Smitltsunbn Contributions to Knuwietige " is a quarto series 
begun in 184S, which now coiupriscs 30 volumes of ulxtut tjOO pages 
each, including, up to the present time, 148 mcmolra. The chief 
characteristic of these iticnioirs is that they are discussions of jexteii* 
sive original investigations, constituting important additions to 
knowledge. 

Tlwf ** SiuiUisonian MLseolianeons Collectionsis an octavo series 
containing papers of vamng Jength, from two or three pages to an 
ent^ volume, being special reports on particular subjects of bio- 
logical or pliyslcai researcli, claK^ified tabular compilations, tables of 
natural constants, biblingraphie.(i, and other mlsoellaneous informa¬ 
tion of vidxip to the scieuiific worker or student. This series was 
ix>gun in 1862 and now numbers GO volumes of about 800 pages each, 
with an aggregate of (ieverat thousand articles. 

Limited editions of each memoir in the “ Contribulion.s’’ and of 
articles in the ** Collections'* are distributed to specialists in tlie 
subjects treated, but the principal distribution of these scries during 
the last 60 years has Leeti to alwiit I 4 OO large libraries and institu¬ 
tions of learning in the United fltates and throughout the world. 

The j\jmuflJ Report of tlie Board of IlEgents, known as the Smith¬ 
sonian Report, is printed under congressionat appropriation and in 
niucli larger editions than the other series. It is in great measure a 
popular work, containing, besides tlte official report on the busmen 
operations of the Institution, a general appendix made up of .30 or 
more original or selected articles iiearing on particular advances b 
hmnaji knowledge and dUooveries and showing ttie progress of 
science in oil its branches. It b a publication much sought after. 

AfliiVAjfonmw fontfibutiong tt> A'nowfedgd,—The Langley Memoir 
ou Jfechanical Flight, which had been in preparation for several 
years, wa.*H completed and publudied in Augu.s(, 1911, It is a work 
of 3,'K) pages of text and 101 plates of illustrationa. It is the third 
memuir iji volume 27 of Uie ** Contributions,” following Secretary 
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IjiDgley's ^ ExperinienLs in Aerodynamics,” and ^^The Internal 
Work of tile IViiidr publislied iu l8^)l and 1893, respectively, Tlic 
present memoir was m preparation at iLe time of Mr. Langley's 
death in 1006, and the part recording experiments from 1&B7 to L896 
was written by him. Tlie chapters disciiiaslng experiments from 1307 
to 1903 were written by Mr. Charles M. Manly^ who became chief 
ossistiuit to ifr. Langley in 1898. 

In the preface to the Memoirs Mr. Manly saysr 

TLe ijrcH^nt vnluaii^ on ^tecbaiilcaJ Fllgtit conaiiils, as me Indkaten, 

of two porta Tbi^ dtifitlliig wltJj Ltie and notable aerled of eorif e^c- 
pertiuoats wJtb apuiU itiod^ai. was wrltmu almoat eanrely by Secretary 
wlUi Uic pfiSflirtmice of ilr. K. C- Ilaffakt^r jniiJ 3lr. G. L. Fow!er, ta 168^7. SUcli 
cM|]|^rH nis were iiv\ eomi^lete Oaie dtilfibod hy Guo writer iiDd aro enaltj 
uote<|< S.H ibey are wrStten la llie third iienwuL It has twosi subjiieted enljr to 
Huch ravkton ns It wDUht have rw^e^vetl liptl 31 r. t^mgley lived to aupmlse Giifl 
rubllcptloTu aod ha» therefore Uic hl{?hefrf vftlrie oe no lUstpricaJ roconi Tb# 
-comtHiolGen o( the aecohd iTort,. ileitima wlGs the la tor esperlmetit* with Gio 
orlKliuit liTid nteo new niode^Fi nnd the conirtlwtioa of the lar^r nenidroliieH hao 
aeceasirtly devolved upon nic. This \\f In enttro nctordtince with tbo idan 
formed bj Mr. Laoaley when I began to werh wltli him in ISflS, hnt it Is to 
tue ^ tiiulter of idneere rLi,Tet tluil Gie ciauufiortpt In Itia float fonu hns not had 
the iidi'imtiigo uf hla erltlclam ajid Buggeatlona If the teador should feel that 
any of Gjo deserlpdona or HLatemonts hi Gils part of the vdIuoig leave soauetMog 
to he deelred Id fullness of dctalt. It ta hor^ schtuo ailoivoueo caay he mndo 
for tile fact that It Ims been writteu In the scanty and seiittered bionieatK that 
could he snatched frntu wofk In other tines which made heavy demands upon 
the writers Ume and stmutftlL It la beilei^, however, that snOl-cileat data 
are glTca to ejiahle onj- eciiujaHnnt enghievr to nndGintaxid tboronghly even Gio 
mi»F<t compIleaLeO iibases of Gue weriL 

t^'erjioap w'Jio earn only for Guo necempllshod fact may he Ittrltaffd to undermto 
the iutvreei and value of this record- BPt even tliey emy he reminded that Imt 
for Km.'h imtlent and DoremltGaK devotion as 1* here ean?Kli4tered the now 
aecenjpnsheil tm-i of EneelmDlciul ilhGit would stUl reniatn the wild unrealised 
dreach which Lt was for m many centurfea 

To snch mm as Mr. Ijiugley an nnsucceaEfnl exiwrimeat Is not a rjillurop hut 
a meauK of liistnacttnii, a neee^ry and ofloo an huvalmihle oiet^rlnF; stone to 
Gai deslrt^l eml The tflnta of Gie tiirge aerodronie In the autiiniu of IE103^ lo 
whirh Gie euHo^Sty of the public and Gio eq^uBatEenaMsiiJ of the newspapt^rs |?ave 
n chorticter of tInrtliTy never desired by Mr. Langlej', wen? to 1dm merely mem- 
beni of a loii|^^ nerios of experlmentiv os mneh m os any trlol of ono uf Gm aumli 
oepudronuta or even of one of ihe earllt.=4it mbber-drlvcn modelit. 5lad bis 
hiadh nml streoirth bwn Nf»rtred, he would have Rono on with hhi uji^Tedmentt^ 
tmdlscouraRiifl tky Gietie accident* in Ifluuehlng nnd undeternsl by criticism and 
mUcinderiEta ud Kii;r. 

Moreover, It \e Xo Im> bome In mind that Mr. ctmtribntloD to the 

Bolutlou of the prohkmi Es not to be nieadured solely by wlmt bo htnuKclf ncrora- 
pIlAheit ImiKirtiint as Gait K Me Ik'kiid bln Investignttons at a Gme w'bm mn 
only the general tmblEr hut even the iimst ikm^^rewlre men of srieture tben^t of 
mcehanlral flight only os a HnbJccE for ridicule, aud hoth hy Ills ctHich-mahlng; 
InvesGpitiorui to iierodynumb.'s aud hy hla devotion to the Sohjeet of digbt 
Ifhieir he tn traoj^fumi Into a Held of selentiflt' Inquiry what tmd before 

been nlw^Mt tiulrely in Gw? |kis«eaHloii of vlsloimries. 
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Th^ qrl^nfll pktid far tM» i^EiblioiUMll ploHd^ for a UiJrd [urti wverlue Uie* 
dperijuetttJii^ d^itn DblaLned In tiMts of (nir^ed mitta<xs mul pror>eU<‘m Owln^ 
to tin; pft^urc of other nmitora oti thu wtiter, the prvpiiration of IMa third 
part iB not yet compSeLo lintl Is resent'd for later pnbUcatlOQ. 

C^ecli4>ns.^ln tJiis series there were 
puhUsliod during the past year papei^ forming parts of three 
volumeii and covering a wide rfmgc of topics. I may mention the 
Hamilton lecture by Dr* Simon Flexner on “l??tection and Eecovery 
from Infection,^ lime papers by your secretary on Cambrian Geology 
and Paleontology^ soveral papers descriptive of new genera and spe- 
cies of bird% mammals^ and otber unimals tind plants from Smitli- 
sonian ejspeditions in the Panama Canal Zone, Africa, and Coiiadaj 
as enumerated in the editor^s rcptirt on another page* and an inter* 
eslijig paper on '^Tlie Xativea of the Kliarga Oasis;, by 

llrdlicka, who iliscn»$ses the physic u I riieasqrciiifnts smd other nbser- 
vaiions made by him on these people dwelling in an oasis 130 miles 
west of LuJtor^f the ancient Thebes* Dr* llrdh^ka says: 

The tyi>B of the imtkcsi Is ncdloilly distinct frvm that of th(? aegm 

It is, aciwrdJog' to nil tadlcfittona* faadamcDtnUy thy muue os thnt of Uii* nuo* 
negroM Vflllijy Eg^iitlnaa. Zt Is In nil rrobabltlty a camtHPHlto of ctascly rt'lnted 
ftortSiraatoru Afrlcmi jiuO somhwcfilem Asia tie. or '’iMiaUIe” uail “HeinitJc** 
ethnic clpQKMirsy and Is to he clnHaied with thEwo ns rmrt of ttio BoytLt^ru extuiii^loq 
nf thE' ML*dlterrnutMD KDbdl^lrijon of the white racix 

JfidffUia from the m rimmT as of thf^ ObhIo Inhiihltonto fr™ tho fiocond to hfth 
A. D., exhnmcd at El BaiftinlT ilw? lyiw of tho nrewnt noancgrold 
Khoren iiiath-e« U tabAtiintlallj the i*iinii> os that of the iic^uLiitJoii of the 
OaslA darlhe the flTiit pnrt of the CbrIsUan ura* The nnturo of the poiPUldtJon 
of thi^ OaislM It* ajore ancient ttains can nniy tw determined by skeletal iiuitorLal 
fn^ni tho yricIeDt cemetorieflL 

Sfjfiith&man report ,—The annua! report for 1910, issued chiririg 
die past year, contained in the gencrul appendix H interesting 
papers of die usual high chiiracten and of many of them it tiece^i- 
^ry to puhlisJi extra editions to met^t the public denianEU The re¬ 
port for 1011 wiwi all in type before the year closed^ but unavoidiihk 
delays pneveuteil its publication. 

Zooloffic^tl noiffuiicliitiirt.^lii rontinualion of the sorics of Opin- 
ions Rendered hy the International Commissjon on Zoological 
Komenclatiire. there were pubtLahixl two pampblcts containing Opin¬ 
ions 30 to ^7 and 38 to 51. The Institution eooperati^ with this 
commisaion liy providing clerical assislancc for its secretary m 
Washington and in tho publicadou of its Opinions* In connectjgn 
with the sumjiiary of each opinion there is printed a statement of 
the case and the discuss:lun thereon by members of the commission. 
Tlie rules to be followed in submitting cases for opinion^ as laid 
down by the commission are aa follows: 

■■ CjiJirt ■liouia he fiarwardeJ to tpinn rjr <if the fomiaJHloD* Dr. WflnlclJ StUeJ^ 

1 -. K. nj'eltall^ Wathlapton, C* 
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1. Tho caiuDiSssiloD iloos not ^iDdennki" ta net ftu b ti<3bUi:sEmplilc ot noiuoti^ 
clatumt 131,1 pci^u. but rafbET as an adviser In coimectlon witb ttie more 
FiDl dJApii^cd cvf notneofiiitiJTe- 

Z. AU cjis« subiulll^Htl fibould bo neeomxHmled hj (o^ a co£K:(ft& 

&t tb^ polnl; at IsBu^p (&) tli<q: full argmnenti; an botb slde^ In n dlf^atpd 
point la In valued ^ and eomplela Ami exact blbllo^rnpbli^ mforencas to eTciy 
iKK^k Or fli-Ucle bearing oti point at Sssiie. 

TLo more w>mp]i]te tho duta ivbatt tba oa»o J# nqbmltted the mure pmmpUr 
can It 1)0 acted upon. 

3. Of neceoflltyp cases Fubmltlecl with Incomiilctc tdbJSojtrflpTitc nifareacoa 
can not be Htiidlcd and nnmt be reltirtif^ by the enmmle$lub to the fic-ader^ 

4. CaRcai opon wbicb an oplnloiO la dp*lml tnay be seat to anr lutmbor of 
tbo eoiniDlSBloii^ Imt— 

r^. In order that tbe work of tM comailasEon maj bo eonJlnod aa mucb an 
possible lo tbe mare dl^cnlt and tlio lUidputed Meea, U la nr^ tint motogEaLa 
Etndy tbe code and settle for ibcm^eltes as luaay ^aw as pofisJble. 

p^Hcatlom .—There wre published during the year tho 
annual report of the assistant scscretniy In charge of the National 
Mti^um for 1911^ 50 misccUaneons papers of Uie PrweedingSt Z 
Bulletins, and 5 parts of Contributions from the National TTerbariiuri* 

S^ifinolofftcal puMinaiions -—^The Bureau of American Ethnology 
published the Twmty-seventh Aimiial Eeport, containing a paper on 
■^The Omaha Tribe,®' and Bulktin 47 on the Biloxi and Ofo 
language^ 

jRcport^ o/ AijftfnVtrf and pafriotic —^In accordance with 

the national charters of the American Ilistorica! Association and 
the NatirmaL Society of the Daughters of the American Bevolution* 
annuiil reports of those organisKitions wore subiiiiitad to the TnstUu- 
lioii and communicated to CongressL 

C&mmilUe on prinfinff and publication. —The advisory committee 
on printing and publication under the Smithsonian IiLstitiition has 
continneil to examine manuscripts p.mpoisecl for publication by the 
branches of the InEtitiition and has considered variou^i queriionj^ 
concerning piiblie printing and binding- Twenty-one meetings of 
the committee were held during the year and 15(J manuscripts were 
passed npon* The personnel of the committee is as follows i Dr- 
Frederick W. True, Assistant Secretmy of the Smithsonian Institu¬ 
tion, chairman j Jlr- C. G- Abbot, Director of the Astropfaj^aical 
OWri'iitoty I Air. W. L xVdams. disbursing officer of the Smithsonian 
Institution; Dr* Frank Baber, sttperintendent of the National 
Zoological Park: Mr, A. Howard Clark, editor of the Smithsonian 
Imtihition: Air* F. Hotlge, ethnologist in charge of the Bureau 
of American Ethnology; Dr, George P* Merrill, head curator of 
geology. United States National Miiscnm; and Dr, Leonhard 
StejnegerT head curator of biologj-, United States National Museum. 

Allotments for printing }.—The allotments to the Institiitlou and its 
Lranehes^ under the head of *" Public printing and binding,-' during 
the past fiscal year, aggregating $72,&0(), were* as far a^ practicable, 
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i?xpendi>cl pritir to ffiine 30. The iinoLinetitj^ for thfj your ending 
June 30* 10IS, BggregBting ST4jOOO, are as follows: 

For the ^mltliisonilcm injitltnt3nn. fur rrintlnt? anrt htnrtJnjc Annilal re- 

portA of tiie Board of wUh general nppemiire w _ |ia, QDO 

t'ar tlie Anniinl teportu of the Nntlonni ^riineiim, with nppen- 

aix^ and for printing Inbela nnrd bliinJfjf^ niitl for the btiUetlns and 
lifficeedlng^ of the Xfittoncil ]iiEi»euns, tho iMlStlona nf whirb Hhnll not 
raoeeil 4,000 coplex, mid hlndlngp in half turkey or material nat niorc 
cxpefitfJTe, aelentlfle booha nnd paratthleta in nr arqnired 


bj the XEitSonnJ Muneum library_T______ 34, syjo 

For the Annual refmm mt\ htinetinF of the Bureao of Amcrk-ain Etl> 
nolofj'p and for tnlBcellaiifBti^ prlnttni: and btudlngfor the hnrwi n.. 2l^nnri 
For mlfteoUaneoua pHnilnn and binding; 

liitcmaticinjil E^cchangen __ 2^|^> 

lutottlRtloniil Cafaiogne of J^cloniiflc rJhTttitnre__ _ = __ nxi 

Nntiotinl Frfooloffleal Piarh_^____ __20ri 

Fur tnii^nunf^iiiTi printing nud bludEtig for the Atitropnynlcnl Qln^mi- 
lorj. Stno. and for ],E500 eoplssi of rohime 3 of Hie Annnla of thf* 

Astropbyfdca] Obeefratory, 52,00®_ 2,400 

For the stinimi report of the Amerlenn HMorleal Afwdntlon_ 7. fH¥i 

-- T^.noo 

DiKtrihutioti of pttblu'fifions. —Tlim" was iirulor disciu^^ioii t^foro 


caiiimitt4!«s of t'orignsts at tlit dose of Iho fiseal year, and later 
etincted into law, eertiiin proposed measures whieli parik-ulnrly [itfeet 
tlie practice of the Institution and it branches lu the distribiUton of 
publications. As finally passed by CotigreRS the law require that 
nil Government publications must be tnaited from the Goieriunent 
Printing Office, tnniling iLssts or labels being forwanled to the Super* 
Lntendent of Doomneiits for that purpose. 

At the Regents' meeting in Februan’ last, the aecrelnry ealletl the 
attention of the board to the proposed legislntion and slated that the 
pnbUcati(»is of the Institution are not an inrideiitai result of itd 
work but something planned for und aysteinatirally esec'utJjd. The 
Institution keeps in twich with all the principal scientific and art 
establislimeiits of the world, and with e.\perts in science and art 
who are promoting work in a line with its own, or who are in post* 
tions to help in .securing collections, mformation, or advice. The 
actual labor of wrapping, labeling, and handling the 8mithaoniaii 
report had been furnished by the Institntion and not by the novem- 
ment. and it was foaTe<1 that the transfer of the actual work of 
distribution of the piiblicalions of the Institution ami its bmnebes 
to another cstahUshment would distinctly tend to defeat the well- 
considered plauH ntider which it has trevn conducted heretofore. 

The law as enacted requires the transfer to the Public Printer by 
October I of all publications on hand, and that distribution ihall 
thereafter be made from hU office. This measure does not, however, 
apply to the two series of pabltcations publi^ed at the private 











OF rUE SKCBETAllY. 


19 


expense of the Iniititiitioii, The question in the main seemfi to be one 
8fleeting the promptncKs of distribution^ which is of primoiy im¬ 
portance in ihc case of scientific works, and it is hoped no serious 
disadvantages may result by Uie adoption of the new law. 

LIBRARY. 

Tlie library of the Smitlisonlun Institution is made up of several 
constituent parts. The most iuiportant of these are the Smithsonian 
deposit in the Library of Congress and the libraries of the National 
Maseuni and IluFenit of Ameiican Ethnology'. There was added to 
the Smithsimian dcjioeit during the post year a total of 21,863 pub¬ 
lications. the equi%‘ii1eiit of voliimes, consisting very largely 

of works on the various branches of scleRce and arL 

To the ftluscimi librety there were added l,7fll books, 3.608 pam¬ 
phlets. and 27fi parts of volumc.s, making the present total in that 
lih^ry about 42,000 volumes. 70^00 unbound papers, besides manu¬ 
scripts, maps, charts, and other material. Arrangements arc being 
mad(* to divide the Museum Ubrary into two printipiil parts by aij- 
sembling nil l>ooks on zoology, paleontology, geology, ethnology, « nd 
archeology in the new building. 

r4.\\'6LRT MRMORfAL TABLET. 

A design in plaster for the memorial tablet commemorative of the 
aeronautical work of the late Secretar)* Langley was submitted at 
the December meeting of the Regents by the sculptor, Mr, .John 
Flanagan, and accepted by the committee appointed by the tioard. 
The tablet will 1 m cast in bronze and erected in the vestibule of the 
Smithsonian building. The tablet, which is in relief, mcasuira 4 
feet 6 inches lii^ by 2 feet 5 inches wide. It repreaent.s Mr. IJingley 
seated on a terrace where he has n clear view of the heavens, and in 
a meditativ e mood is observing the flight of birds, while m hia mind 
he sce.s his aerodrome soaring above them. 

The lettering upon the tablet is as follows; 

SAiTTEL PIERPDNTT LAXQLIST 
1834-1006 

Secretary of tbe StiiltlKionlnD InKlltltlou 
laST-KKW 

Olwovered the rdatioos of apeed hocI aDgie of Incltaatlcrn to ihe ttitina inwrec 

of stir^Fes moTjoif in air 


•* I have bruusbt to a elnwi «he poriloa of the work which larernDd to he spe¬ 
cial b mine, the demonstration of the pnctlcnhllilr of mechaalcol aight 
“The great uolrenal high war overhead la aaw aooa to he op«»ed.'‘~LunuaT. 
lOOl.* 




so iLEiPoiiT ssrirn^iriAx TjfsnTuno^f, 

KASriLTOX l.KCTUREL 

The thlni Hamilton funfl lecturo of the Smithsonian Institution 
was doliTcred by Dr, Simon Flejtnerj of the Kockefoller In.stitnie 
for Medieal Rescai^h^ iti the auditorium of tho United States 
National iluseum^ Febniary 8j. 1912- 

TIic title of the lecture was “Infecticm and Eecofery from TnfeC' 
tion,^ an investigation to which Dn Flexner has given ei^ccial sdudy 
for several ycani. 

In ills treottnent of this vital and interesting snbjcxl the spettker 
covrrcil a broad field of medical science, and at the s«me tiuip esc* 
pressed himself in such a manner os to be intelligible to laymen. 
Dr^ Flexiier touched upon the following points: 

Tlie part playefi by hacterini ptoiotWy and snbmicrofteopic para¬ 
sites in causing infection was described, atid empluisis laid upon the 
oecurrence on the surface of the body of many kinds of dh^ase- 
proclucing germs The manner in which they are escluded by $kin 
and mucous membranes was discnssedt as well as their abtlity to 
enter the body by these cJmnnels when they wera imperfect In this 
way a variety of dieesscs is produced, including diphtheriat meiiLu- 
gitls^p and probably infantile paralysis. Tlie germs that enter tlie 
hofly encounter a second and even more eflictent set of dcf^nsfis 
in tlie blood with He devouring white eurpusdes, Wlien disease 
appears, in spite of and because of inadequacy in the defensive 
meebanisms, tben the body^ under the infiuence of the parasitic germs, 
sets about creating new defensive principles tbrough the process of 
immunization. It is immunization tliftt vacdnallnn produces, which 
is a protection to smallpox; and it is ihrougli purposive immunization 
of nuiiunls that the ciiritLJve seruins are prepared, that by injection 
brin|ring about an artificial and premature cessation of asucb <lkcaae3 
as diphtlioria and epidemic meningitis. The part played by insects 
in transmitting malaria, yellow fever, typhus fever^ and rebpsing 
fever W3S ?;ketchcd, and the varying susceptibilities to disease of 
different racers speciesj and individuals dwelt ou and in part ex¬ 
plained, m the basis of known facts of immiiuity to and virulence 
of the germ causes of diseaaeu 

The above m the third of the series of Hamilton leeturesu In 18T1 
James Hamilton, a retired lawyer of Carlisle, Pennsylvania, 
bequeathed $1,000 to the Smithsonian Institution, the interest of 
whicli wsH fo be appropriated bienniaU t by the secretary for i^ine 
contribntioiu paper, or lecture on any scientific or iLseful subject 
wbicb bo might select. As the sum was somewhat limited to ade¬ 
quately cany out the donoris wishes^ the interest was allowed to 
iiccmnulate imtil the amount was doubled, and the InstltutioB then 
created a series of lecture, known as the HamiltoD Fund Lectures, 
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Tlie firsts by Dr* Andrew D. ’Rliite, on "'The diplomjitic service of 
the FiiitcJ Stntc^ with some hints townrd its reform/* wns given 
in 1305^ and the Eocond, hy Dr. George E* Ilule^ on Some rm^nt 
contributions to our knowledge of the Snn,^ was delivered in 11K)S. 

IN^KtENATIONAL GONGElJ5ft^4Ei« XNJ> CELKBRAYlOXS, 

The Institution each year receives invitations to nuiuerous scien¬ 
tific congresses und rf'leijmtions in tho United States and abroad* but 
as funds are not avaitabk for the expemea of delegates few of these 
invitationH ean bo accepted. In instances^ however, it is pos¬ 
able to arrange for represent ation by collaborators of tbe Insfitutifm 
who are vbiting the lixralitiea im official or private business* 

Coji^ttrss of Am^^ricnni^ts. —l>r. Ales Hrdlicka was appointtai 
representative of the Institution and designated as delegnte of the 
llniteil States to the Eighteenth Tnternaiional Congress of Ameri¬ 
canists held in T^ondon Jfay S7 to June 11^12. In addition to Dr. 
HnlUrta* the State Department aho designated Ali^v Fletcher^ 
Dr. George Grant MacCuHly, Dr. Edgar L. Dr. G. B. Gor¬ 

dons Rev* Charles W, Cuirierj Prof. Marshall H. Saville, and Dr. 
Charles Peabody as delegates on tlie part of the United Slates at 
Umt congress. 

Tlie Xinctcenth International Congrtsa of Anioricanlsts has Ijcen 
invited to meet in WaJihington in IS) 14* and Mr* W* FI. Hoimes?, ^fr. 
F* V^\ Hodge, and Dr. Ales Ilrdlicka have b™ appointed an aiixili- 
nrj" committee to reprtant the Smithsonian InstltutLon in connection 
with the preliinitiary arrtmgenient of drtaib mpecting the proposed 
mewting. 

Ac<id4rni.y of Kaiurat of PAi?a<ieIpMtK —The Acfldeniy of 

Xatiiral Scif^cca of Philadelphia held its centenary anniversfliy in 
Pluladelphb* March !5>* 20* and 21, At thb celebration the 

InMItution and iLs branches were represented^ by the 5 wretan,% Dr* 
Charle:^ D* Walcott; Dr. Richard Ratbbim, assistant secretary in 
charge of the United States Xaiional Museum; Dr. Frederick W. 
TniP, nsKlstant secretat^* in charge of Library and Exchanges; Mr* 
Fmlerick W, nodgCi ethnologist in charge* Bureau of Amerit'an 
Ethnolfjgy; and Dr. Leonhard Stejneger, head curator of biology, 
UnitPil States Xatinnal Museum; and Dr. Theodore X* Gill^ associate 
in Zoology, United States National Museum. The gaecretary also 
represjentod the ^Vjnerican Philosophical Society on ihb occasion. 

—^At the reqii<s§t of the Institution, the 
.State Department designated Prof, Arthur L. Frotliingham and 
Prof. George M. Wliicher m delegates on the part of the Unitod 
States to the Tbinl Tuternntionai Archeological Congr^^ at Rome, 
October B to IG, 1^12^ 
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PreAi^i:orte ^IniAmp^dot/tj. —Dr. AlCs HrdUckA| Dr, Charles Pen- 
bcKly, mid Dr^ Geprg^ Grutit ^lacCurdy wre appoirit^d representa¬ 
tives of the Smithsoiiien Institiiiion to the Fourteenth IntematiDnn! 
Congriiss of Pretiifttoric Anthropologj^ and Archeology ot Geneva, 
September 9 to ir>, 1012, 

of Orimiatkti. —Dr. Paul Hniipt was appointed repre- 
sentniive of ilie SmitlistJnian InBiitiition and designated as delegate 
of the United Staton ail the Fiftetmh Intematinnal Congress of 
OrieDhilLsits, held at AtliertB^ April 7 to 14^ IDI2. Addilioual dele- 
on the pari of the United StatoB were Prof, F. WaL^Ubum. no|>- 
kin£« Prof. A, V'. W, Jackson^ and Prof. Iforris Jastrow, jr. (Un¬ 
foreseen eircumstanccs Inter prevented Prof, Jackson from nltendiog.) 

CoTiffress on Il^^cne and Demography .—The Fifteenth Inter- 
Ti at tonal Congress on Hygiene and Demography was intiied by the 
Government, through the State Department, to meet in Washington^ 
Seplenil>er 2^ to 28+ 1012, I accepted the invitation of tlio depart¬ 
ment to servo as a member of the ron^mittee on organisation. Jlr, 
\V. 11. llolmos, bead curator of nnlhropology in the !!£'atiomiI 
iriiseum. haw been appointed aa representative of the Smitlisonian 
Institution on the interileparttneiitat committee to con^der the 
preparation of exhibits for the congress. At the close of the fiscal 
yeair. Jane 30| 11112, arrangements for the congress were well in hand* 
on Aj^pfied CAemhtry ^—In connection with the Eighth 
International D>ngTc^ of Applied Cliemastry, to lie opened m Wnj 5 h- 
ington September 4, 1012. and ^diseqnent meetings closing in Xew 
York City September 13, Prof, F. W, Clarke hm been designated as 
representative of tlie Institution, and I have accepted an invitaticin 
to attend personnlly. 

Royal Sorlety.—Br. Arnold Hague, of the Unitetl States Gw- 
logicad Survey^ wa.^ appointed a representsof the Smithsonian 
Institution at the commetoorBlion of the two hundred and fiftieth 
anniversary of the foundation of the Royal Society of Ixiadon. July 
16 to IS, inie. 

CJEOttOK AVxtSFIIXC^TON MEMOHJAL BUILDIN 13 . 

Tliere is now pending in the House of Repre.scntatives a hill 
p^^d by tlie Senate, April 15, 1»12, grantuig to the George Wash¬ 
ington afemorial *is5ocintiori permb^itm to erect on the Govemment 
re^rvation knotm os Armory Square, a memonal building to cost 
not less than $2,000,000, “ where large conventions or m which large 
public fimclions can Iw held, or where the iicrmanent headquarters 
and records of national organi?*ations can t>e administerefb'^ By the 
provisions of the bill the contrfil and oJininistrutJon of the bultdinf^ 
wouhl be vetted in the Board of Regents of the Smithsoninn Tnstb 
tution+ and the luswiation is to provide permanent endowment 
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fuQj of not leas than $500^000+ to Ijc sdmini^Eered by the Board of 
Regonts^ of thij Smithsonian Institution, the ineome from whirh sshnlh 
iiii far m he \x^} for the maintenance of said building:.-^ 

Tliorc is need in Washington of such a stmeture ^ here proposed. 
It would be a fitting mexoonaI to George Washington—Uiegatliering- 
place and headquarters for patriodc« sricntific, medirat^ and otlier 
organizations interested in promoting tlic welfare of the American 
people^ the development of the country jji E^ieuce. litemture^ and art* 

NATTOAAL SaTSEl^L 


The pjiiii year was markecl hy a new feature in the administrutirm 
of the Natinn at Jluseum—its opening to the public on Sundayi^. 
This meiuiure iiad long been advocated without effeetj and even nciw 
the practice must be for a time limited to the new building. Public 
appreciation was erideneed on the first day of Sunday openings 
October 8, Iblly by the presence of 154(57 visitors. The average 
number of visitors on Sundays up to the clc^ of the year was 
as compaml with fiW on week days. 

There was added to tlie permanent collections of tlie ^lu.^^utn a 
total of S3B.OOd specimens and objects^ an increase of 10,000 over die 
year preceding. Of these accessions about 108^000 were biologicalj 
G3,000 geological and paleontological, otid IfiOO anthropological 
A largo iiuml>er of vain able tetuporary additioDs in the form of hwuis 
were made to the National GaUcry of Art, to the collection of nrt 
textiles, and to those of the diviiaon of history. Among tlie acres- 
aions tliat I may specially mention are the first aeroplane (Wright) 
ficquinjil by the Government ; important meinorials of Gens. Ganse- 
voort and Custer, Rear Admirals Foote and Schley, Commanderg 
Nfnury and and other eminent soldiers and sailors, and 

mementos of the Washington, Ball, Cropper, ^IcLmuv Bradford, 
and Bailey-Sfyers-Mason families^ some iriteresting Polish voins 
dating from 1386 bo 1835; and a very large and unique series of post¬ 
age stamps and other objects relating to the operation of the United 
States Postal Sen-ice. Tliere were also received about 4,000 mam^ 
nijibt besides birds, reptiles, fishes, anti invertebrate^ from the Paul J. 
Rainey expedition to Britbh East Africa; a large collection of Cam¬ 
brian fo^ils; and an unrivalod collfwtiaii of soioe 771,000 ^specimens 
of fc^iil cchniodenus deposited by Mr* Frank Springer. From the 
Biiremi of Fisheries wore rocehird e 3 ttcn 5 ive and important collec¬ 
tions of fishes from Japan and tlie Philippine and over 27,000 si^eci- 
mens of marine invertebrates. Other additions of importance are 
notuil by the assistant secretary in his report on another page. 

About three-fourths of the exhibition space in tlie new building 
baa already been made accessible to the public, and before the clckse 
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of rttiothpr yenr it is expected tUut tlie laxt of tlie lialk will be 
opened. Tlie itistfillBtiaas linwever, nre to n large extent pro^sianul 
and mnrh work will still remain to be done to complete their per* 
manent nmingejncnt 

liy the transfer of the natural history and anthropologiail exhibits 
to the new buildings space has become available in the older biiildlngs 
for the Ixitter exhibition of the largo eolU'etionK of the department of 
nttA and Industries, The very interesting serlcft of objects i!i>mmenn>- 
ralive of eminent Americans and of important events in the liistory 
of the United States; the collections illustrative of art textiles^ 
ginpliir liTiBf and eeramieSf as well as fuTparmSj electrical invonliousT 
and other technnlogical material may now receive more attention 
and Iw uiore ade^juatciy displayed than lia$ heretofore been prat* 
ticabk. 

'riie picture gallor;^ in tho new building^ constituting the Kational 
Gallery of Art, continues to grow in public interest and importance. 
A special exhibition of part of the collection of American and 
oriental aft pTOiented to ihjOi Nation by Ifr, Cljarics L, Freer wis bold 
from April 15 to dune 15. The objects displayctl included 38 paint¬ 
ings by ^\^^lstlcI^y Tn™, and otherSi 13 Japancf^r paintings. 3tl Chi¬ 
nese paintings^ a number of Chinese hronaes, one dating back to 
lTt^fi-1155 n. Cp. and examples of Chinese^ Persian, and ^^Tesopota- 
tnian pottery^ ancient Egyptkn glass, and Persian and Indo-rersian 
ilInminDtions, Mr. William T. Evans, of New York, has made 10 
important additions to hh. coUeclion of works of contemporary 
Ameriran paintera, now numbering 137 pieces by PS artists^ 

A meeting in memory of Mn Francis D. Millet, lost in the Tit^mic 
disaster, was held in the audltoriiim of the new building on the even¬ 
ing of May 10, 1912, under tl^e auapices of The .Vmeriean Fecleration 
of Art=!, when addresses were made by Senators Root ami Lodge* and 
otheni. On this nccii.sjon I called attention to the valuable services 
rentlcrcd to the Smithsonian Institution by ^Ir, litillet as chairman 
of the advisory committee of the National Gallery of Art. 

Tdeetitigs of a number of scientific orgajiiKaUons were held as usual 
in rhe auditorium, indiiding the uBual annual April meeting of the 
National Academy of Sciences," the annual meeting of the American 
Aasociation for the Advancement of Science, tlio American Institute 
of AtchitecU, and the Red Cross conference. 

On JIarch 28 and 90 tht Washington Academy of Sciences held a 
eonvunqizione and an exhibition of important recent npparatua, 
methods, and results pertaining to the Beientific investigotions carried 
oti by the different Government bureaus and scientific mi^titutions of 
Washington. 

Models and pictnres of designs for the memortab to Abraham Lin¬ 
coln and Commodore Perry were exhibited in several rooms of the 
new building and attracted mueh publicr attention. 
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The publications Lsued mdudcd LUe rninual niport for 1011, 
numerous piifmi-a of llui Proctedin^, and several Bulletin^ which 
will be enitmernteii in dcLail in tlie usual volume devoted to the oper- 
atiuna of Ute Xatiimal Museiun. 

BUllEAU OF AMERICAN ETHNOLOCfY* 

The operations of the Bureau of ^\jnorican EthnoLogy during^ the 
last y^nr ore stated in detail on another page by the ethnologist-in¬ 
charge if£ Umt branch of the Institution^a activitius* The systenuitde 
researches bearing on the historyt Inngtiagesj inannevsj and custoins 
of the Aincrjcan Indians cover a wide range, and the residls of tliese 
studies are publbhed as completed Since die orgamzation 

of the bureau under the SmUJjsonian Institution in 1879, annual 
reports hi 32 royal ofrtavo volitmes have been issued, and more than 
50 biilletin-S the collection eomprising a most valuable etluiological 
library. The deniand for tUc ^"Handbook of American Indians,"’ 
ivbich lA printed m two volumes, has so far exceeded the authorized 
edition that a meabure Ims been introdui-ed and is now' peudlug in 
Congress for reprinting It, 

The rescent field work of die bui^eau includes: 

(1) A visit to El Monro, New Mexico, where impressions of some 
Spanish inscriptions dating from the year IWG and having an impor¬ 
tant bearLng on the early hbitoiy of the Pueblo tribes, w’vre made; (2) 
excavatiozLs in tbe Jemez VaVby iu a ruined pueblo on a 1^800 
A*et high, the mins bearing evidence of occupancy at two dilferent 
pcritKls, and containing Bonic intercssting pottery, traces of textile?!, 
and other objects; (3) field work to determine the weateni limit of 
the ojicient Pueblo eidtnre in Arissona; and many other lines of inves¬ 
tigation, discussed by Mr. I-Ioilge in an appendix to this reiiort,. 

Tho construction of the Panama Canal has aroused so greatly 
public intcrcsl in the Ht>originaI remains of the Wmt Indies that tlie 
bureau has arranged for more extended studm in West Indian 
archeology. Researches thus far made indicate that the Tainan 
culture of Porto Rim and the Domlnicaii Republic was representeil m 
the Ijcsscr Antilles by an Agriculturul people, probably Arawak, wlio 
were conquered and absorbed by the marauding Carib. Type?!' of 
pottery found in some of the I^essfer Antilles indicate their oecopatny 
by people superior in culture to the Co rib and to thtise found dierc 
at the time of the discovery by Columbus. 

INTERNATIONAL EXCiLiNGEa 

There has been un increa*^ of more than 10 per cent in the uumher 
of packages handled by the Exchange Service during the past year 
as compared witli the preceding 12 months, the tot4il number being 
315,492; Tlie^ packages wctghwl over 234 tons* 
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No change hm cuiide Id tKe amotint ($32^200) granted by 
Gongrei^ during the past four years for the supiKirt of thb braneh 
of Government Tvork earri^ on under the direedem of tlio Institu- 
tion+ and the usual mtn wag collected from various Govcnunent and 
Slate estuhlblioieuU for service in coanection witli lUe traiispona- 
tiou id exchanges^ the total available resourtMis for jneeting the cx- 
peiisfci of the system being $30/i9LO2. 

The pnhljcatiottB dbpatched hy tlie Exchunge Ser^'ice are cloEsidod 
iinikr four heatk: Firsts Congressional Recordsecond ^ Ptirlia- 
mentary Jocmiientsthird, ^^Departmental documents”; fourth, 
Miscellaneous scientific and literary publications.” 

The term Parliamentary docnmenbs ” ms here used refers to 
pub!ictttions set aside by law for exchange with foreign Goveriinients^ 
and inc1ud€>^ not only copies of documents printed by order of either 
House of Congress, but copies of each publication issued by any 
departnaenL bureau, commisaiont or officer of the Govenmient The 
object in sending these publications abroad is to procure for the use 
of Uie Congresvi of tJie United States a. complete ^riv^ of the pilblica- 
tions of 4dhcr Govcmmcnlii, and tiie retiim:;3 are deposited in the 
Congre«iftioual library. 

The term ” Departmental dociuneuts” embraces all Uiq publican 
tions delivered at tlie Institution by the various Government depart¬ 
ments* bureaiis, or commbsdon^ for distribution to their correypond^ 
enis ubrtmd^ from whom they d^ire to obtain s^imlhr publications 
ill exchange. The publications received in return lire deposited in 
Ibo various departmental libraries* 

The “ SluiL'eUajfieous scientific aud literary puhUcations ” are 
receivetl chiefly from leanjed societies* liuiverBities?, colleges, scientific 
institute^ ajid miiseiuns in the United States and tmemmitted to sUni- 
Ur Imititiitions in all parts of the world* 

At the retiue,>t of the Secretary for the Interior of the Union of 
South Africa the Institution discontinued the sending of full sets of 
govenimental docttmcnts to Capo Colony and the Tmnsvtml and 
partial sets to Natal and the Orange Rivor Colony, substitutEng one 
full =«t for (he Government of tlie Union of South Africa* There 
are tht^refore now sctit Ihmiigh the Exchange Senuco to regular 
foreign depositories only ^ full and 32 partial aeUj of offichd 
lUKtuiienhi. 

No ecHintric^s were added during the year to the list of ihoee with 
which the immediate exchange of official parliamentary joumala is 
ciirriwl on* tlie number of countries taking part in this exeJuLuga 
being 29, 
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NATIONAL ZOOLOGICAL VAEK. 

The aec>osHiDi;iJ3 to the collections in the National Zoological Park 
during the pa.^t year ag^gregated i>lO anitnals, including ^pecic^i 
not nlrewLly reprcticnted; 350 of the^ were ohtainwl by piircbase^ 
exchanges or as gifts^ and 108 were born and hatched in the park- 
Tlie total collection on Jutio M nnmberei^l 1,551 individual uniuialst 
representing 381 species of mamuiab, birdu^ and reptiles^ an Increase 
of 137 over ibe preceding year. The more important additions were 
2 elephant scaLi and 4 northern fur seals, 8 whito pelicans^ and a pair 
each of Brazilian tapirs* Patagonian ca\’ieSf and Chilean eagles^ 
The number of visitors woa 542,738, or a daily average of 1.487. 
The large^ft number in any one month was 95,485, in Aprils 1912. 
That the educational value of the park is appreciated is indicated 
by the fact that it was visiteil by 4,140 pupils, representing 142 
schools and classes from the DL^ricL of (’‘olttiiibia and neighboring 
States, and from X^emiOnt* Jfaiifischit^tts:^ New York, and Tennessee* 

Although each year some Improvemenha are made as reganLi the 
aE!cominodalion of die collections and the comfort of visitorsj yet 
much remains to La? done before the park can be brought to a condi¬ 
tion that would properly be expected In a zoological park mamtained 
by this greiit natiuiL The most liiiportant improvemeiit of the year 
was the construction of a fireproof building for a central heating 
plant, in w hich are installed two pairs of boilers for alternate nse as 
repuini or cleaning become necessary- A yard and bathing pool was 
also con^flriicUHl for the uso of the hippopotamus and the tapirs: 
three small imdosures w'ere bnilt forsemiaqnaticnninials; and various 
other additional structures were builtt as enunierati^l by the super- 
intendeiil in his report on another page. 

I have for several years called attention to the urgent need of a 
siiuuble aviary for the fine series of birds in die eoUeetion* A suit- 
Ltble structure for Oiia purpose is i^^timatccl to cost about $8Q,OO0- 
Aronnd this large aviory would be grouped the cages for the eagles, 
vultures, condors, and owk, now scattered irregularly about the 
grountb. 

The stiperlEtcndent in his report calt^j atteiition also to suverul other 
desirable measures for the beftcrmeiit of the park* 

The Biological Sutwey of tlie Deparlmeut of Agriculture, in coop¬ 
eration wdth the Zoological Park, is carrying on some experiments 
in breeding mink wdth a view to aseertaining the possibilities of rear¬ 
ing diem in captivity for commerciiil piirimeses. The main object in 
view is to secure data relative to the heist mEtlinda of nearing mink 
for their liir, especially as to detaib of hquaing, feeding) iimtiug} and 
caring for thenu 
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ASTHOPHYSICM. OBSERVATORY. 

Tbe principa] resenrch cftfrie*! on hy the Ast!ropUyifik''4d Ob&er¥a- 
tory during the year has hoen. un the TariftbiUty of the pun. Progreiis 
has been uietle ia the dissemination of statidards of pyrhelinmetry 
and on the absor|>tbii of radiatkin hy ulmosphene vater Taper* 

Tlie first of these iiiTeatigatium was in continuation of obierrations 
taken during several years past to definitely determine tho laws gov¬ 
erning the apparent variability of the **mhiT constant.” The solving 
of thb problem, it is expected, mil Iw uf mneh value in tho profaiible 
forecast of climatic conditions from year to year. In this rescartb 
it seemed important that simultaUiMuis observations bo made in 
wndely separflied parts of the world. It was accordingly arranged Ui 
make iiUrh observations ui ifnunt "Wibont California^ and at Boasour, 
Algeria. The results of this work are discussed by Mr. Abbot in hb 
report on another page. 

For several y^ears the Institution l\m been sending to observaloriesj 
widely separated throughout tho world, standardised copies of the 
standard tsilver-diak: secondary pyrhelioinetor designed by the direc¬ 
tor of the Smithsonian Astrophysicol Obsen-ator^"* During the past 
year about 10 such matrumenb^ have been prepared and sent out, 
motith' to foreign governmental meteorological services. It is hoped 
to thus SLK'Ure not utdy umformity of radiation mens^uresp but ahiu a 
more exiict knowledge of solar radiation and the inQucuce of the 
terrestrial atnaisphere upon it* 

In carrying forward the riisearch on. the absorption of radiation 
by atnnjaphcrle water vapor, there has been recently de^Tsed at tiie 
oliservaton" a method for delerniining spectroscopically tho total 
quantity of water va]Jor betw^een the observer and ttve sun. Atmos¬ 
pheric water vapor absorption work during the year vrns confined 
to tho upper infra-red spectrum bands. It h expected by tho use 
of a vacuum lx>lonioter now in preparation to make considerable gum 
in iba sensitiveness ol tho apparatus and greatly promote the value 
of tlie work at groat wave Jengtha. 

INTERXATION^VL CATALOGUE OF SCIENTIFIC LtTERA- 

TITIE. 

Tho cotjperative entorpriae known os the International Catalogue 
of Scientific lileniture ia represented in the United States tlirougji 
the Smjtlisnman IiLstitution, an apprupriation being made each ycht 
by Congress to maintain a regional bureau in this country under 
the auspices of tho Sor.rctaiy of tho Institution. 

TbU bureauj in cooperation wdth thirty-one other regional bureaus, 
through a central bureau in Ijondnn, publishes yearly 17 volumes, 
which form on index to current scientifie literature. Each caimtr}- 
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aupporta its own bureau, in the majority of c%<i«j9 by means of direct 
govemmont*! granta. Tlw London contra] bureau, Trhieh beitm dl 
of tlut oxponso of editing and publishing the data preporwl by the 
regional bureaus, depends for its support entirely on funds received 
from the subscriboia to the work* In the beginning of the enter' 
prise tho subscription price w*ts fixed at $SS per year for a full sot 
of 17 volumes, and it luis been necessary to inidntain this prioo, as 
there are a limi ted number of libraries and scientifio binlies whose 
subscription to tho work practically aesurea the sum necissary for 
publication. Tho lack of any surplus, howoviir, randors it inipus- 
mblo to reduco the price of tho work in oriier to meat tho demands of 
a largo number of soieatifin invoarigators, who are practically excludod 
as personal subscribera to this valuable source of information, owing 
to the present prices. 

Uud the central bureau a pormanout and independent uicomc, 
derived front an ondoivinont or otherwiso, it would bo possUdo to 
adopt tho courso w'bich would untlor siiuitar circumstances fob 
lowed' by a commercial publishing houso having a liberal worldng 
capilalj that is, to reduco the price of the publication and depend on 
tho certainty of increasod soles to pay tie relatively small oxpHanses 
of printing a larger edition of tho work. An endowment of 8100,000 
pwporly investml would, it is believed, make it possiblo to carry out 
tbb plan, and, for tho end to bo accomplished, it would bo ibificult to 
find a better use ft)r this comparatively Binall sum. A more detailed 
statement of tho condition of thia interesting example of wliat may 
bo occompUshud through intornatiunal cooperation will bo found in 
the report of tho bureau in the appendix. 

Respectfully submitted, 

CiiAJiLES D, Walcott, Secretary^ 



Appespix 1. 

REPORT OX TtfE UNITED STATES XATIONAL IIUSEUM. 

Sm: I Imvc the houor to submit the folloyring report ow the opera- 
lions of the Unitetl States National iluseura for the fiscal year 
endinpf June 30, lOlS; 

ar\iMA»f OF Tiie vkab s pri>gre«s. 

By die clow of the year the natural history tlcpartments of the 
hlu^um had been quite fully established in the new building, only a 
small amount of eshibiticni material Temaining to be transferred. 
The lalioratnrifls had Ixen occupied for some time, and the reserve 
eollections hrolight over from the older buildings hod been mainly 
arranged in the more ample and convenient quarters provided for 
them- Tlie work of claisification had necessarily to be in large part 
suBpendcd during the period of moving, but the opportunity was 
availed of to expedite the labeling and recording, and the* coUee- 
lions are now, as a whole, in mucli better condition and far more, 
aoc^ible for reference and study than at any previous time in the 
history of the hluseum. The task of moving was both arduous and 
delicate- involving, as it did,-the handling of several million speci¬ 
mens of all siaes and all degrees of hardiness without injury and 
without the loss or disarrangement of labels. That it wns acoom- 
pludied satisfactorily in suck a remarkably sliort space of time is 
especially gratifying, in view of the fact that tli© esigwncLcs of ihs 
eutrent work were fully met and no cessation oocuired in the receipt 
of new material- 

Tho installation of the exhibition collectionst however, could not 
be hasientxl in the sunie way, A mucli greater time is required for 
the couslruclion of the eiises, which are more elaborate in character 
than those intended for storage, and but few of the coses used m the 
older buildings are adnptetl to the new building, though many Imve 
Iwn temiJorarily employed. It has also been iieeea^’ to reject a 
large number of the older exhibition specimens us of inferior quality 
for the purpose, and of the* which are Iwing utilized many require 
to be thoroughly renovated if not entirely done over. The new ex¬ 
hibitions, however, arc intended to consist in great measure of fresh 
materials, much of which baa been rA-ently acquired, and to represent 
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the best skill of the rotisetiiu prepai*ator and taxidermist During 
the year this branch of the work was prejsed to the fullest extent pos¬ 
sible, fltid excellent progress was made. 

Of the total floor area of alniut -b>ri,000 square feet furnished by the 
new buildingt the oiiioiint of space dedicated to the public, including 
the floors and gulleries of the south pavilion and rotunda, is slightly 
in ex<^ess nf ‘220,000 sitiiare feet. The pcmumetil exhibitions now 
planned are limited to the Rrst and second stories of the wings and 
ranges, which they will completely occupy and which contain about 
160,000 stjimre feet. Of this spaco about three-fourtlu* bas licen 
opened to the public, ulthougU it sboidd lx? explained that the installa¬ 
tions are still to a large extent provisiono1 and subject to revision, a 
work that is steadily going on. The end of another year, however, 
Rhouhj !<€« all of the exliibitiou halls o{H!ne<| and in good though not 
fluished condition. 

The exhibitions to which the public had gained access by the close 
of tiio year comprised, bi’isides the picture gallery In the middle ball, 
ethnulo^’, historic archeology, systematic and applied geology, 
mineralogy, paleontology’, die birds and feltes, siuall sections of the 
miuitmals and invertebrates, a synoptic series of biology, and certain 
special zoological collections illustrating anatomy and development, 
albinism, melariisin, hybridism, thu iloinestie animals, and the local 
fauna. The principal hranehes that remained to be opened up we^ 
the mojiimals, reptiles, marine invertebrates, and prehistoric 
itrchcology. 

Tlie removal of the natural history collections, from the older 
buildings furnishe!i the tip]iortunity for the more complete orgatiiza- 
tion of the department of the arto and industries as contemplated 
in the original plan of the Board of liegents. Certain subjects 
l»elonging to it have for a long time lieen illibitmted to the extent 
permitterl by the ci-owdwi condition of the exhibition halls, among 
them lieing hind and water transportation, flreurim«, dwlrintl inven- 
tiuns, mtnisuring devices, many kinds of macbincry, the graphic artii, 
uiul ceramics. There are several others, Imw’ever, (X|nally important 
and interesting, of which the kluseimi has many anti valuable illus¬ 
trations. The material, obtains I friuii various sources, but mainly 
from tlw great international expositions, bus, from lack of room, 
lieen necesviarily kept in storage, though before the crowding of the 
tdder buildings began some i>art« of it were exhibited. The space 
that has been releu.sed will ntTi»nl accommodations for tllo installa¬ 
tion of this material, so far os it has not deteriorated, and for siicb 
additions us will lie needed to round out the exldbits of the several 
subjis-'ts in at least a modest way. With this accomplished, the 
Museum will be cunfrouted with the problem of the further develop- 
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af the clepartuient to nmke it comparabte Avith tlid&e hx the prin¬ 
cipal Eupnpciin eomitries, and thus oipiibk of exerting a dirtH:i aii J 
benelieial influence on the higher inJualFial piiimiits of ilte culltltrJ^ 

It was not niitil after the jiiiddle of the year, however, that the 
extcTiriinn of Uie work in this directiou e^juld taken up, suid little 
more wa9 pt^^ble than to remove the niaierial from storage, ami 
begin its unpacking and u^irtlng^ Tlie installations will be matle, 
at least for the most part^ m the old cases, which will have to lie more 
or less remodeled for the purpose, hut it is not oxj;>ccted that the 
public will be long delujctl in gaiiiing access to some parts of these 
collections. The iijntcrial relating to the graphic arts and to Imok- 
making will l^e exhibited in the Smithsonimi building, but tbe other 
subjects will Im*! inainh' provjtled for in tiie older Mnseiiui btiihlizig, 
and comprise, besides those above mentinned, mineral tcclioology, 
texiiles, wooilb, l arious animal and vegetable products, fo<ids and 
drngB^ etc* The divlsian of bistory will continue to occupy its pres¬ 
ent position in the older iluseum building, as Avill tlie colketion of 
art textiles, hut additional space will he rci|uireil for the 'former, 
whijse growth and jiopularity have been exceptionally gratifying. 

Several unoccupied rooms in the new building were used by the 
Government for the competitive plaits fi:>r the Lincoln and Perry 
memorials, aiithori//ril by Congress and snbniltted during the year. 
Opened to the iiiapectioii of the public, the models and pictures of 
dhc designs fur the Lincoln monument In Waahingloii were fdill on 
exhibillou at tbe close of the year. 

The xSundpy open bag of the Museum, so long and earnestly ndvo- 
riite<1 by the authorities of the Institution, was one of the uio^t nede- 
worthy iii'cumplishniente of the yciir. Thk innovation is, in fact, to 
be rcgarderl os marking the beginning of a new period in the history 
of the Mufieum, in which its privileges may be enjoyed with equal 
freedom by all dosses. Stiirtetl on October &, 1911, isml restricted to 
afternoon hours, it i» for the present limited to the new building. 

AIiDlTJONS TO THE COLI^XmOX*^. 

Tile permanent additions to the collectionfi numbered approxi¬ 
mately 238.000 specimens and objects, of whidi about 168,000 were 
biologies! 1, C3XNX) genbigicttl find paleontological, and T.OOO atitliropo- 
logicftb Tliere wen* oloo many loans, some of gn*:ai value. 

The more im|)orluni accessions in antbroiK>I&gy related to the 
Indbns of southern Alas^ka and Panama, and included an InUre^Ing 
serie.^ of ubjecU from (he rtiinei! pueblo of Kwaste3Tikwa, New 
l^lexico. To the exhibits in mcchtinical technology wen? uddiKl many 
iniportimt artidts, including the find aeroplane acquired and used 
by the (Tovomn:ient, a large number of fLrearrns, both military and 
sporting, and numerous examples of inventions. The division of 
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Ameficiin Jiistorv wni; tspccinlW favorwl with both gifts ftnfl loansi. 
among the difitinffliisihet] persons and families represented hy the 
memoriflb received being Gen. Peter GanssToort, of PevolntionBry 
time, and his son and grandson: Reur Admimb Winfield Scott 
Schkv and Andrew H. Foote, United States Xrt\7; Commandira 
Matthew Fontaine Mitury and Harry H, Hosley, United States 
Xflvy: Geti, George A. C’l^ter, United States Army; the irnrqnis de 
Lafovette: Prof. Gcorgo Frederic Barker; Mr. and Mrs. Saraacl 
S. Cm: Julin 'iVaid Howe; the Washington and Bail families; the 
f’ropper and Me Lone fumilics; the Bradford family, of N^ew Eng¬ 
land : and the Bailcy-ilyers-Mason fimiily. The ro]lection of numia- 
nmtics aequiretj two valuable series of several hundred pieces each, 
one representing the Polish coinage from 1*^S0 to 1830^ the other 
consisting of antique copper coins from Asia. Exceptionally im- 
portant Was the (mnsfer to the National MiiEciim of the mttsetim 
of the Post Office Department, so well known to visitors to Wawhitig- 
ton, comprising the large and unique series of United States fststage 
stumps.' besides many objects relating to tlie o|>erations of the postal 
service. 

The most conspicuous acquisUion by the deportment of biology 
eonsjfltwl of the collection made by Mr. Paul J. Rainey on his exiw- 
ditittn to British East Africa, accompanied by 5£r. Edniund Heller, 
which was generously presented. It contains about 4,000 maniinals, 
besides tunny hnndred.s of birds, reptiles, fishes, and invertebrjiies, 
and has already yielded a large number of new fomiR, Jliich mate¬ 
rial was also received from several other natural history expeditions 
t>eyotrtl the United States conducted by the Institution and Museum 
or under other auspices, the principal regions visited having been the 
Aleutinn Islands, British Cohmibia and Alberta, ibc Panama Canal 
Zone, the Bahama Islands, Perti, Abyssmia and British Ea-St Africa, 
the Altai Jlountains on the borders of Silrerin and Mongolia, Kash¬ 
mir, and nqrnco. lYitldn the confines of the United States a numlxir 
of minor explorations were carried on by meml»ers of the staff. 

The transfers made by the Bureau of Fisheries were extensive and 
important, con.'^i.sting mainly of collections that had been studied and 
iicficribed and Hcontaining much type maicrial. The fishes were from 
Japan, the Philippine Islands, and various parts of the Unltwl 
States, while the marine invertebrates, numbering over 2T,000 si>cci- 
nK'Us of several groups, reprcsenlcfl esploratioiw by the steamer 
AThatroas in different parts of the Pacific Ocean. The intreases in 
the division of insects were chiefly from the litireon of Entomology, 
and in the herhariuni from the Bureau of Blaiit Industry, tliough 
many specimens were aeenred for the latter by exchange and os the 
result of field wo'rk tn New Mexico'. 
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Thp collectifltis of geology aritl nvineroilogj' revived iJoporLant 
additioiiSt inrludiiig types and recently described materials and many 
fine examples of btiilding und ornamcDtal stones. Tiie pemmnent 
icqnisitions in paleontologyt amo\inting to over fjOjOOO specimeiiB, 
were IIIRinly of CBmbrian fossib from British Columbia and Alberta, 
nnd from China; Ordovician fo^lb ft^om the Unite<f Stares, 

Xew York^ ond Canada; Ordovician and Misisitwipptan fossils from 
the Mississippi Valley; and Tertiary fossib from the tsthmns of 
Pinama. It is gratifying to note the deposit in the Museum by Air* 
Frank Springer of hLs unrivaled collection of f^^^il echinodertus* 
numbering some 75,000 specimens^ which he has l?ccn many years in 
assembling and on which no espense has been spared. The loalena] 
lias been inslailed and tuade acce^ible in one of the larger laljom- 
lor\" rnoitui, and it is the purpose of Mr. Springer to devote much of 
hni time to further research work in connection with it* 

KATIONAL GAt4J3ItT OF AHT. 

A memorable event in the brief history of the Gallery was the 
eschibitiDn in one of the great halls of the new building of a selection 
of ob|ectB from the eollecfion of American imd oriental art presentee! 
to the Xation in inod by Mr* Charles Ij. Freer, of Detroit, Micliigan, 
but whidi is to remain in the poss^ejssion of the donor during lib life* 
This special eschibitiou. which continiied during tw'o months^ from 
-April Ifl to June 15, and opened with an evening reception* was 
made possible through the courtesy and generosity of Atr* Freer, by 
whom the expenses of transportation ivere defrayed. 

The selection, which numbered 175 pieces out of the more than 
4j000 cofdposing the Freer coliection^ was representative of its charac¬ 
teristic featurcis, and in variety, ricliness, and rarity of material con- 
i^ituted in itself a reinarkable exhibit for any place or time* Tlie 
American art side of the collection was illustrated by 3S paintings, 
of wliich 24 were by James AIcNeill Tnibftler and the others by 
Thomas W. Dewing, Dwiglit W. Tryon, Abbott II. Thayer, and 
Winslow' IIon:ter. Of oriental productions there were 13 Japanese 
paintings of the sixteenth to the nineteenth centuries; 36 Chinese 
paintings, the earliest belonging to the Liang dyniisty, and also 4 
aibiims of Chinese paintings; 17 Chinese bronzes, one dating back 
to the Sbang dynasty, niajiy centuries before the Oiristian era; 4 
Cliinese sculptures of the Wei and T^nng dynasties r 52 examples of 
old Cliinessc, Corean, Japanese, Persian, and Mesnpotamiim pottery ; 
7 spodmens of ancient Egyptiau gla^ss; and 4 Persian ami Indo- 
Persian illuminations, 

Sir, "Williani T, Evnns, of New York, w'hose generom benefactions 
have extended through more than five years, made 10 important addi¬ 
tions to Ma collection of the works of conteuiporarj' ^Vinerican 
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pjiintere, whicb, *it the end of the yepr. nismbored 13T pieces by 
urtUt^. One of the older pnmtingi^ abo exchfliiged for anotlier 
and better example of the work of the ^^Ame artist. Hiis eoDectioiii 
whicli occupies the greater part of tlio space now niinttcd to the 
Gallery, is a most notable present at ion of American art. Tlic 
painterfe represented in the contributions of the year are William 
B. P. Ciofison, Wyatt Eaton, Albert GrolL Arthur T. TlilJ, Williarn 
Iluiit^ William S. Robinson. Abbott If. Thayer, Elihii VedJer, 
Edgar x\I. Wfird. Frwlcrick J. Waugh, and Irving R. Wiles, ilr. 
Evans also added 34 proofs of American wood engravings to his 
previous donation of 81 examples. 

The collection of historical pain tings in ojl wa.* increased by two 
noteworthy gifts to the Xalion. One of these conaisted of port rat ts 
of Alathins Ringmanii, Afartin Waldseemnller, imd Vautrin Ltid, tJje 
geographers who, in 1507, first applied the name America"^ to the 
new continent^^ and was received from the municipality of SU 
Dif-des-Vosges^ France- The other comprised n portrait of John 
Ericsson and a painting illustrating the ^Combat between the 
Meynitor and the and was made by the Swedish American 

Republican League of Glinois. The Gallery also fortunate in 
obtaining many loans, both of paint ings and sculpt lire, and witbm 
the restricted limits of its quarters Ims nmintsined an exhibition of 
exceptional merit and attractiveness. 

art textiles. 

Interest in the collection of art textiles, under the patronage and 
direction of JIrs. J. W. Pindiot, continued unabated, and of fiS addi- 
lions rcc^^ivod 15 were gifts. The lacth^ have now l)ecome siiJEcicnGy 
well repressentcii to pemiit the arrangement of a synoptical series in 
w'hicli all of the varictleB ar« showm, and of a special exhibit consti¬ 
tuting a of the history of lace making. 

PERrOI> COSTTMES<. 

During the year a collection of costumes intended to illtLstratc the 
changes in style of personal attire in America from the colonial 
pericHl to the present time, was undertaken. The material so fur 
gathered has consisted mainly of apparel actually worn at important 
^tute and social funetions, wliich gives it on historica] interest, and 
tlnj collection should also very materially mipplement that of art 
te.xtilcs, offering useful suggestion in tlie field of design. The ^suIj- 
jeet was taken up on the initiative of Mrei. Julian James, who m giv¬ 
ing it her persona! attention, and the contrihutionfi, ranging from 
single objects to ccanplete parts of costumes, comprised both loans 
and giftth 
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OT flupliCAles !fepnnitcd from the wiUcctions in the course of the 
work of class ific At ion about 8,000 specimens, chiefly minerals, ores, 
fosgiliHand recent animals, were distributed to schools and colleges for 
teaching purimscs. About 16,000 duplicates were also used in making 
exchange!!, whereby material of simibr value was olitnineil for 
addition to the permanent collections. To specialists connected willi 
other scientific establishments some II .TWO specimens, run inly bio. 
logical, weiw sent for study, principally in the interest of the lliiseiini 
and for tho purpose of securing the identilication of material which 
could not bo determined here. 

The number of persons who visited the new building during the 
year was 281,S8“, the older Museum building, 173,183, and the Smiib- 
soninn bnilding, 1^,134. being equivalent to an average daily attend¬ 
ance at each of the three buildings of 800. .’550. and 4 j 7, respectively. 
The total Sunday attendance at tlie new hiiilcling, beginning October 
8, amounted to M,087, an average by Sundays of 1,660 per>ons, or 
more than double the daily average for the same building. 

The imblications issued during the year comprised the annual 
report for 1011, volumes 30, 40, and 41 of the ProceedingB, and A 
Bulletins, IseaidesUO paiiersfnun tlie Proceedings, Bulletins, and Con¬ 
tributions from die National Ilerbiirium, printed separately. The 
total numlter of copies of publications distributed was almiit 67,000. 

The library received additions to the extent of 1,701 books, 3,608 
pan)pblets, nod 2T6 parts of volumes, and at the end of tlie year was 
estiniatcd to contain a total of 42/>a3 books and 60,670 unbound 
papers. "With the completion of the orrangemenU in prognesa all of 
the works on natural history will 1» transfciTcd to the new building, 
leaving the older quartets fur those relat ing to the arts and indu.stries 
and history, and by this dirisinn the congested condition of the 
library which has so long prevailed will be relieved. 

The facilities offered by the new building were often availed of 
during the year for cougressest and meetings relating to science and 
art. Among tlie more important tiodies which met or were received 
there were the American Association for the Advancement of Science 
and affiliated societies. Urn National Academy of Sciences, the .Vmeri. 
can Federation of Arts, the American Institute of Architects, and 
the Bed Croffi Conference. 

Bespmrtfully submitted. 

Bichabu Ratubu?!, 

Aesistant Seoreiary in- Charge S, iVatiimal .Vueeam. 

Dr. CuAHUes D. Wawjott, 

Scemfarg of the tSm-itheonian taetitittion, 

OcToauH 31, lftL2. 


AppENDrx 3- 

REPORT OX TllE BUREAU OF AMERICAX ETTFS^OLOGY, 

Sin: I ha ire the hoiior to stibmit the following report of the oper* 
fttions of the Bureau of Aiiierii'nn Ethuologj during tlic fiscal ycar 
ended June SOj 1912, conducted in accordance with the act of Con- 
grci^ approved lljirch 4^ 1911, uialring appmppiatinns for 
civil expenses of the Govemtoent, which act contains the following 
item i 

Aincrietta eUmqlogy: For cwatlnuing cthooloijlcfll juDoikij tht' 

Aiuorlmn Indlanit and the natives of Hawaii, iQCladln^ Um? oxcuvatlan nod 
Dr vatic a of DrctaoolOi^Ec rcmnlasv iifidcr Ute directlou of Hid Sniltlt^aliin loatl- 
tiillfiEL. iDcladlo^ Bralntiett nr ctsmpennsitlou cf all oeco^^^lal^y emplojrce* mul tlie 
IMirehofiD of Q«¥i9tB,T^ bo^^kR and prrlrultcfll** IncIudlliK jtiii’nieiit la admliw for 
anliBcrlptlDDB; forty-two titoiitsaai! dollurR. 

KYSTEStA'TtC RE&FA HCnEH, 

The s^^tematic researches of the bureau wore cnndudied by the 
regular staff, consiatbig of eight ethnologists, and wiOi the aid of 
specialists not directly connected with the bureiiUj but the results of 
whose studies were procured for publiCAtion. These opei'ations may 
be sttoisnarbied as follows! 

Sir* i\ Vt\ llotlge, cthiiologist-in-eJiarge, was occupied with admin- 
istnitiTo affairs during the greater part of the year, but from time to 
time, as opportunity afforded, he was engaged in llio preparation of 
an annotated Bibliography of the Puehio Indians, with the result 
that almost IJOO canis bearing titles, descripiions of contents, etc., 
of ^vritirig^^ pertaining to the Pueblos were completed. Knowledge 
of the Puehio Indians cotmnenced with the year 1539, and these 
people have been the subject of so much attention by early Spanish 
explorers and missionaries, os well os hy ethnologists and others, in 
recent years, that the litemtute has become volumlnOLis and widely 
scattenkli The need of a guide to this array of material has been 
great !y felt by students, and for this reason >Ir. Hodge has prepa red 
noteif on the subject for a number of years with the view of their final 
elabomtion in the form of a bibliography. 

Late in August Me, Hodge proceeded to New Mexico, and after a 
brief vidt to the archeological sit^ in the Rito de Los Frijoles, 
northwetit of Santa F€, where escAvationii were conducted in con- 
jmietion with the School of American *\-rcliiiBology in lOll, ooniinued 
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to I>:1 Morro, or Inwription Rock, about 35 milew cast of Zuni, for the 
jjurpo!!® of iiiiiktog facsimile reprodiictionis, or squeezes, of the Span¬ 
ish inscriplioDs there, wliidi haTC such an important bearing on ihe 
early hirfory of the Pueblo tribes, Ei Morro is a picturesque emi¬ 
nence of suntlstone rising from tlw sandy vallcv, ami bv reason of 
the former existence of a spring at its base, which is now merelv n 
seep, It became an iiuportiuit camping place of the earlv Spaniards 
on then- journeys to and from the Rio Grande and the Zufit and Honi 
pueWos. p,e iuscriplions of these early explorers were carved near 
the base of the roek, ehicBy on the northern and southern sides of 
the highe^ portion of the mesa, and in the main consist of the names 
of the visitors with the dates of their visits, but in a numW of eases 
elaborated with a more or less full stAtement of the obfect of the 
journey. 


Tile earliest of the inscriptions is that of Juan de Onate, the colo- 
nizcr of Xew Mexico and founder of the city of Santa who in- 
»nbed hm naiiio and the object of his visit in ICOfi, on his retnm 
from a perilous joiiraey to the Gulf of California. OtlieK who 
visited the rock and left a rcconl are, in order of date: Gov. Fran¬ 
cisco Maniiel de Silva Nieto, who escorted the lim missionaries to 
/uni in 162<l; ,Juan (lonzales, probably a meinhcr of tli* small milU 

n7ooT? <Jate 

Frey t renesco ™o of the mmsionaries who accompanied 

Silva Nieto; Juan de A^huleta, Diego Martin Burba, and .Wustln 
Js Inojos 163fl; Gov Diego de Vargas, lefia, the conqnerer of the 
Pueblos after their rebellion in ICSO which le.1 to their independ- 
enco of Spamsh authority during the succeeding 12 years. J„an 
de l 1*01; Ramon Pbck Hurtado, 1109; Ju. Garcia de la 

r' and Vttty Antonio Camargo. iriC; Joseph do 

Payba Basconxel™, li26; Joan Ptaez Hurtado and Joseph Tru^x^o 

vl™S\r37 amTtr ‘-d/lan fgnnc£ 

ne Arrasaiii, l*3i; and othcre of the eighteenth centurv. Th^ in¬ 
scriptions were all carefuUy photographed bv Mr Jossu't 
with wb^^id Mr. Wm% SiTr eqne^ wir vrere rX:; 
to Mashmgton and transferred to the National Museom, where Mr 
Nusbarim hifer made plaster casts of the paper negatives, insuring 
the ^rmanent pi^rvatim, of the inscriptions in this manner Thif 
jv^rk was ureomplished none too soon, since deterioration by weuthli 
ng IS pro^ng in some parts of the cliff fa™ bearing the inserip- 
\nT I^rhjipi playing an even more serious part 

irtr. ‘ V 
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Early iu September Mr. Hodge joined Dr. Edgar L. Hewett, direc¬ 
tor of tlie Bdioo] of AmericaD Archieology, nnd bis assiatanta, in tlie 
Jemez \*aUey, abo*tt 65 miles northircst of Albuquerque, for the pur¬ 
pose of conducting excarations, under the joint auspices of tJie bureuii 
and the school, in an extensive ruined pueblo mi a mesa 1.600 feet In 
height, skirting the valley on the west. This village was occupied 
withiji the historical period by the Jemez people, by whom it is 
knoa'u as Kwasteyukwa. The mins cover an area approximately 
830 by (500 feet, and even on partial excavation exhibited distinct evi¬ 
dence of occupancy at two difTercnt periods. The original pueblo was 
considerably larger than the one later inhabited, although the latter 
was hullt on the mins of the older and of the same materials. The 
walls were of tufa blocks, rudely shaped and set in adolje mortar; 
the rooms were small, the masonry crude, and practically none of the 
walli» remain standing above ground. A large artificial reservoir in 
u north western angle of the min furnished the water supply, and 
various smaller depressions probably mark the sites of kii*ns. The 
later inhabitants—^those within the historical period, or ohoui the 
first half of tlie seventeenth century—buried their dead in and be¬ 
neath the debris of Hie older part of the pueblo. The mortuaiy ar- 
companiments were of the usual character, speaking in general 
terms—pottery, traces of tc.xtilca, stone and bone implements and 
otlier objects, and a few ornaments. The finding of gla® beads with 
the remains of a child, and an iron nail in anotlier grave, bear testi¬ 
mony of tlie cumparatirely recent occupancy of the village by the 
Jemez Indians. It was the custom of the inhabitants to throw large 
stones Into the graves, resulting in the breaking of almost all the 
pottery deposited with the dead. The fragments were carefully pre¬ 
served, however, and will be repaired by the National Aluscnm. A 
noteworthy specimen of pottery bears in its decoration a fea[hi*r 
design almost identical with feather symbols found on ancient pot¬ 
tery of the Ilopi. and therefore tending in verify traditions of 
the hitler people that some of their ancestral clans ennie front the 
Jemez. 

Dr. J. Walter Fewkesf, ethnologist, was engaged in field work 
from July to Ck’tober, having especially iu view the deicmiinatiou 
of the western limits of the ancient Pueblo culture in Arizona. Out- 
litling at Jerome, in tliat State, lie proceeded to certain large ruius 
on the upper Verde, on Oak Creek, and in Sycamore Canyon, where 
some time was spent at each locality in photographing and in making 
plans of the% and adjacent remains, oa well os in a study of the 
formerly occupied caves near Uie mouUi of Oak Creek. Crowing the 
rough country separating the upper course of Oak Creek luid the 
great sandstone cliffti known as the Bed Rocks, Dr. Fewkes revi»it«d 
and further studied tlie large cliff dwellings, known n$ lluiifinkt and 
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Palatki, t‘Xcovni«^ by bim in 1SP5, Several hitherto i)iide$<'ril'ie(] 
ruins were sildei] to tiie Iwt of autient remains in this general ricinUy. 

From the Tied Rocks Dr. Fewkes rettimwl to the Verde and fol¬ 
lowed that stream upward to the Jordan ranch, where cliff houses of 
nn instructive cliumeter were piiotogrnphed and studied. He also 
investigated on the hills back of Comville certain large stone struc¬ 
tures of the type known to Spanish-speaking people as triurfiera*, 
rude blit massire fortifications tlial here begin to assninc importance. 
A number of ruins hitherto unrecorded belonging to the cave- or cliff¬ 
dwelling type were observed in the walls of Sveamore Canyon, or 
Dragoon Fork, and the outlines of stone houses were seen iilmve the 
river terrace near tlie junction of Sycamore Creek and Verde River. 
A large aboriginal fort, with walls well preserved, wos found tsi a 
height overlooking the ^'erde, above the mouth of Granite Creek, and 
otliers more nearly destroyed were seen at the Baker ranch and in 
Hell Canyon, not far from Del Rio ^station. Sear the linker ranch, 
a mile or two down the Verde, are the remains of a cliff dwelling, 
directly in the line of a projected railroad, which will probably be 
destroyed when the road is constructed. Dr. Fmvkes also visited the 
ruins of several frnple-walled habitations, consisting of low mounds, 
near Jerome Junction and Del Rio. Although many evidences of 
such pndent dwellings are here seen, most of U»e foundation walls Iiava 
beim carried away by settlers and used in tlieir own house building. 

A large fort, with well-preserved walla, occupies a low limestone 
ridge east of Williamson Valley, obove the trail from Del Rio west 
ward, and commanding a view of the valley west of Jerome. iTiis 
fort is typical of the trifif hem^ that appear more and more frequently 
as one proceeds westwanl from the upper Verde. Several incon- 
spicuous rains, hitherto utidewribed, were found in IVilliamson Val¬ 
ley, tJiot« eiiuatefl on the hilhi belonging to the fortification type, 
while those in the valleys consist merely of low mounds of stone and 
cUier ddbris* 

Proceeding wcstwanl from Chino Valley, munv interesting ruins 
were observed along iJie valley of TValnut Creek, i4ferred to in Lieut 
A. W. Whipples report of 1853 os Pueblo Valley, once noted as the 
site of old Camp Hualnpai. This vale, from Aztec Pass to the point 
wlicrc the creek is lost in the sands of Williamson Valley, was es- 
teiwively tilled in prehistoric tim^ as is attested bv the well-marked 
remaiiw of ancient irrigation ditches. Characteristic petroelToha 
were idso found in IValniit Valley. 

As elsewhere m this region, two types of rains were observed in 
Walnut Valley, namely, (1) estenaive stone fort!ficalions with mas¬ 
sive walls crowning the hilltops on Ixiih sides of the vallev and com¬ 
manding a wide view, tind (2), on the low terraces bordering the 
stream, dusters of sniaU mounds constituting the remains of farm- 
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houses, Upright posts supporting walls of wnttling plustiM'<(.>d with 
mud like ilie j^cai^n of tlie Alesioiujs uutl evidently idciitiral in 
their genernl cb a meter with the dwellings of oertuin Viiman tribes, 
Ajiiojig tilt* best preserved of the forts, called pueblm by Whipple, 
art* those near ^Vztee Paijs tmd at Drew's rancli, Shook’s ranch, and 
Peter Mar.v’s much, while others are found farther down Walnut 
Creek. No truce of terraced pueblo dwellings were seen in this 
region. 

Ill order to shed further light on the relntions of (lie two types of 
ruins described, Dr. Fewkes made an e.vumination of the ancient ra- 
luains along the Agua Friu and near Prescott. At both places the 
ruins were found to be of the same dual character. In a few in¬ 
stances, us at Frog Tanks, near the month of the Agua Friu, the 
ruins suggest ttie great bouses or coiupoutiJs of the Salt and Gila 
Valleys, but here ttliio trinoAeraJt aud fragile-walled houses are the 
more common. 

Tiic observations made by Dr. Fewkes during this field sseason in¬ 
dicate' that the ruins in the region referred to are the reiuuius of 
buildings so different in archiU'cture from that of true pueblos that 
it b probable the culture of their occupants was also different. Dr. 
Fewkes reached th’e conclusion that the ruins of the forts and small 
divcJlings referred to were constructed and used by a Yumau people 
whose descendants, more or less mixed with Apache and other non- 
related tribes, are represented to-day by the Htialoimi, Yavapai, and 
Huvosupat Indians. Although tlic jacal domiciles of western Ari- 
;!ona were probably structurally similar to certain ancient bouses 
in the l^uebio region of New Vlexico, the river-tetrace houses of 
VValniit Valley were more like cerUjin habitations of the lower Gila 
niver tliRti they were the pueblos of the Rio Gmnde. 

On reluming to Washington Dr. Fewkes prepared u report on 
his observatioiis in tills interestiug archeological Held, ivhich, with 
suitable LUustmtlotig, is now in press as one of the accomponying 
papers of the twenty-eighth annual report, 

Dr. Fewkes also gave considerable time to rending tlie proofs and 
ftrranpng the illustrations of his memoir on Casa Grande, wiiich 
likewise is to appear in llic twenty-eighth annual report. 

Oil the completion of tlie above work Dr, Fewkes conunenced the 
preparution of nnotiier paper, relating to “Designs on Preblstorie 
Ilopi T’ottery/’ a subject to which he devoter] much attention in cun- 
nectlon with his studies of the Ilopi Indians for 211 years. This 
memoir, which was welj advanced toward completlnn at the close of 
the fiscal year, accompanied by numerous plates and text Sgurcs, b 
designed os a key to the interpretation of the decoration of ancient 
Hop! earthenware. The great multiplicity of life designs appearing 
on the pottery of andem Sikyatkl are treated in die paper, in which 
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mMlifk-AlioDJi in decorative devtcfet derived from feathers^ birds, and 
teller unimiUs, and conventional fibres are likewise discii^ised. (^ne 
objft‘f of Dr. Fewkes's treatise Ls to meet a growing desire of those 
interested in primitive B 3 rnit]«iUem, and another is to define the iiecnl- 
iarities of one ceramic araa of llie Pueblos os a basis for com pari E»)n 
with fitlicrs, thus fncilitnting the study of Pueblo culture origins and 
prcliistoric migration routes;. 

As the ironstmction of tlie Panama C'aiiHl Jms teiideti to stimulate 
an Interest in aboriginal remains in the ’t\''eiSl Indies, and as manr 
aivheologicnl specimens differing from those of the Antilles preri- 
ously known are now being brought to light, the time for a ricientifie 
studi'' of them, as well as of the idmriginal sites of the West Indies;, 
has arriml. Mueli of the inters recently immifested in early In¬ 
dian life in the West Indies may be ascribed to Dr, Fewkes’s memoir 
on “Tlie Aborigines of Porto Rico slid Xeighbering Lshinds," which 
a]>peara in the twenty-fifth annual reia>rt. Sim;® the puhllcaiiou of 
this paper the new material has become so abundant that plans have 
made for Dr. Fewkes to resume his study of West Indian*arche¬ 
ology. The most noteworthy collection of almrigitial ohjects from 
this area made in recent years is that of lioorge G. Ilcye, Estp. of 
Xew York, who courteously has placetl his material at the disposal 
of the bureau as an aid to these investiguiions. This collection has 
been siudicil by Dr. Fewkes and the must important objects con¬ 
tained therein are now being drawn for illustrative purposes. 

Dr. Fewkes*s rcsearehes thus far indicate that the so-called Tainan 
culture of Porto Rico and San Domingo was represented in the 
Ijaser Antilles by an agriculturnl people, probably Arawak, who 
were conquered and abs^irbed by the marauding Canb. Study of the 
collections above noted tend to show ilmt several of tlie lassser 
Andllcs were marked by characteristic types of iwitteiy* Indlcat^ing 
their occupancy by a i>eople superior in culture to the Carib and to 
those found tliere at the lime of the discoverr by Columbus. Xew 
light has been abed on the relations of thewe earlV -VntiUean [Hsople 
anil the Orinoco tribes, which, althougli generally called Carib, were 
probably an antecetient penpie of liigber tultun?. * 

Mr. .Tames .Mooney, ethnologist, spent the first three montlis of the 
fiscal year ui continuing investigations among the East Cherokee of 
we-siern North Ciirolino, and in locating and investigating rniied- 
hlood tvmnant bands in the eastern part of that State. The Cherokee 
work corw^led chieily of a continuation and esteijaion of the study of 
the aboriginal sacred formulas of the priests and doctora of die trilw. 
with the accompanying ceremonies and prescriptions. Although the 
former dunces and tribal gatherings have fallen into disuse, the 
family rites and medical ceremonies still hold sway umoug the full 
bluods. 
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The acwjuUed '■Croatnn lailians'' t*f southetiHlerti XortL Carolina 
were found to l» nn important and prosperoni^ community, iiuint 3 ei> 
ing almut 8,000, evidently of Indian stock with adlrni.\tiire of negro 
and w'liite tilood, and closely resembling the Pamunkey Indian rem¬ 
nant tribe in Virginia, but with no anrrtval of Indian Inngiinge or 
ciiiitoiii ami with almost no knowleilge of their own history'. ^\fter 
years of effoii tliey luive ecenred definite State recognition as an 
Indian i>eople. Tlicre is tto foundation in fad ft>r the name ”Croa- 
tan Indians,’^ which they tliemselves now repudiate, and in all prttb- 
ubility tliey represent the mixed-blood descendants cjf the nborigimU 
tribes of the region wliich they now occupy. The existence was also 
pstahli.shed, ond the location ascertained, of several smaUer bands of 
simitar mixed-blood stock, but without ofGcial recognition, in the 
eastern section of the two Caroliaus. 

The remainder of the year was devoted by ]ifr, Clooney to the com¬ 
pilation of material in connection with his pending study of Indiim 
population. By reason of tho shifting, disintegration, and new com- 
bmations of tribes, no one section can be treated separately or iinally 
ns apart from others. Considering the difficulties met in a sstmly 
of this kind, the work is making satisfactory progress. 

Dr, John K. Swan ton, ethnologist, devotcf'l most of the yeor to field 
researches among the Creek Indhuis in Oklahoiiiu. These investi¬ 
gations continued from the middle of September, IBll, to the middle 
of May, 1912, during which period excursioiis were made into Texas 
to visit the Alihamu Indians and for the puqiosei of endeavoring to 
trace remnants of other Texas tribes, anti to tlie C'mldo Indians of 
southwestern Oklahoma. Xo retiiuins of Texas irihes, of etlmulogic 
value, other than the Alibiimn, were locateil, hut a considerable ma.s^ 
of material was obtained] from the latter. Dr. Swan ton’s visit to the 
Caddo, was with the view of learning how many of tlie old Caddo 
dialects were still spoken, and some valuable documentorv material 
was obtained in N'atchitochcs, Louisiana. Xo words of Haiish, sup¬ 
posed to be quite distinct from tlie otlier Catldo dialects, could bo 
gathered, but evidence was obtained that it rcsembleil Adai. In the 
course of his Creek investigations Dr. Swanton visited and made 
photographs of every busk ground of the Creeks and Seminole still 
niaintained, and information was gathered rcganling the orgunixa- 
tioii of the “ big house*’ in each, as well as in tlitKio that have been 
abandoned. Dr. Swauton devoted July and August, 1911,mainly to 
the study of the Hitchiti and Xatchea languages, and the period sub¬ 
sequent to his return to Waaliington in May, 1012, was occupied in 
copying liis field tiotisj and in incidental work on the Timucua 
language of ancient Florida, as preserved in heather Pareja’s writings, 
w ith tlie view of determining whether Timuena hears any relation 
to the Injigiitigea of the Aluskhogean stock. 
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On IiLh wjiv from Oklahoma to Wfli^luiigtOH, Dn Swan ton ?itopi>ed 
at Bloomington, Indiana^ for the purpose of reprasentitig the bureau 
fit tfje fifth annual meetini^ of the MLssd^ippi YoJIoy Historical 
Association, before ^vbicb he read a pu|ier on ^ De Soto^s line of 
niart^ht from the point of view of an etfmologist/' 

ilr& JL C- Steven&on^ ctlinologist, continued her field researi-heH 
of the Tewft tribes of Xew Mesic^o tlirouglioiit the Gseal year, devoting 
attention particiitarly to \ho^ of Fan Ihlefonso and Santa Clara. ati<l 
ineidentidly to the Tewa of Xtmibe itnd San Juan. The piiel4r) of 
Pujoiique b now praeticalh’' extinct a*i an Indian settlement, only 
about six Tewu remaining in that village- Special attention waft 
dcvoLed to the rcIigiouiA. poliiicaJ, and social organbniio-ns of tt^ese 
peoples, which, owing to their estrem© conservatism, arc difficult to 
determine- Tlie Tewa are divided not only into clans witli patritineul 
descent, but each tribe cnosists of a Sun people and un lee [people, 
each wLtli its own kiva, or eeremoniid ehajnber. At San Ildefnnso Uie 
kivfi for the Sun people is kuoivn os Pol^e, Squash kiva,^* aiui that 
of the Ice people Kiin'iyii^tee, Tiirqimb?© Idva,’* The elemenl frr 
signifies “ round*-^ hence indicating that originally the Tew a lavas 
were circular. A third kiva of San lldefonso b ealled Tih?poa^'te^ 
meaning Round gathering or sitting place,^ and sTmbolin>!s a lake* 
Although fnjm its trim cxmditiou this Idva appears to be modertn k 
is in reality very old, and within the memory of the ohler men of 
SttH Udefonso it wm used whenever the Sun and Tc© people met to- 
geilior, because of its large size* Large councils are still held in the 
Teepna^ke* and it is used also aw n drcss'mg room for tJio dancers par- 
tieipatmg in ceremonies. Tlie kivos are also the mecthig plucey of 
the sacred fraternities. The Squash* Sumnjer Bear, and Fire organi¬ 
zations of San Ikkfonso hold their ceremonies in die kiva of the 
Sun people* Tlie Fire fraternity was adoptcfl in the ancient past 
from a ijeople in the north wjio lived in skin tipb* wore clotliing of 
dresse<l deerskinn and spoke a atrAnge tongue- Tlib fraternit v tinallv 
becimie extinct* and* wishing to reestablish it the San lliefonso 
people sent four mtm to the Sim t>^ple of Zufii (whose Fire fra¬ 
ternity* nrcordiiig to tradition^ had a t^iniilar origin)^ who mitmtcfl 
them Into Llieir order, thus eniibling them to revive the fratertikv at 
San Ildefonso. The (jaloxy and Tunpiobe fniternitk^ meet In the 
Timpioise kivo. The niembere of the former orgaiihcaticn have a 
fraternity chainl>cr adjoining this kiva, and at the great Buffalo 
ffejtival it^ incmbere frequent the chanibef as well ns die kiva* 

Each fruteimity at San Ildefotiso has a tablet altar, which U 
erected on the western side of the kiva, while the paTticipant^ in the 
cereuionies si t facing ejistwo rd. These people ha ve j n t crest ing a nimal 
fetishes and many human images of stone representing their anthropic 
gcrtb. They appeal to their zooic deities to heal inflicted by 
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soreory, jxnd all ceremonies connected with these supplications arts 
dramatic in character. Anthropic gjoihs, prUicipalJy ancestral, are 
invoked for rain and the fructification of the earth. The present 
priest of the Sim people is director of the Summer Boar fraternity, 
and he is also the kceficr uf the calendar. He must obsen’e the daily 
rising and setting of the sun and must watch the rising and setting 
of the moon. Elahorate solstice ceiiemoQie=i are performed. Those 
for die summer solstice are lidd in the kiva of the Sun people. The 
Ice [woplo join the Sun people in the summer ceremonies, and the 
Sun people join the Ice people in the ceremonies of winter. In each 
kivn the two rain priciits sit tiide hy side, the priest of the Ice people 
always at the right of the priest of tlie Sun people, wliile officers 
associated with each priest sit in line witli him. Tlio prayers of the 
priest of the Sun people are for the purpose of bringing rain, and in 
order that lhay may he atLsweretl lio must live an exemplary life. 
The same beliefs ouutrol the functions of the priest of the Icc people, 
who, through the ceremonies which he directs, is expected to induce 
cold rains and snow that the cartli may not become hot and destroy 
the Vegeta lion. All male children are initiated, either voluntarily or 
invohijitarily, into the kiva of the Son or of the Icc people. WTieii 
n husband and his wife belong ti> different sidci:, the kiva to which 
the child shiill belong is selected by mutual iigreement, and a repre* 
tentative of that kiva is diosen as his rercnioiiial fntlier immediately 
after the birth of the child. From birth to death the lives of the 
Tewa aro idmost a continuous ceremony. The ceremonial father ties 
native cotton yarn around the wrists and ankles of the iiew-boni 
child, that its life may be made complete. The initlution cicremonies 
of the young men are very elaborate, and many miles are traveled on 
ftxu to the summit of a high mountain where the final ceremonies are 
performed, lUthongb the Tewa. arc professed Christians, they ad¬ 
here tenaciously to their native religion and rituals; ami while tlie 
clmrch performB marriage and burial servieea, die Infilana atilj cling 
to tlirir native marriage feasts and mortuary ceremonies. 

The cosmogony of the Tewa is elaborate and complicated and boors 
closer resemblance to that of the Taos Indians than to that of the 
ZuiiL The original sun and moon are believed always to have es- 
isteil, but the present sun and moon were born of woman after the 
world and ail the people were destroyed by a great flood. The myth 
n,Si)Ociated with the creation of. these deities and with Lheir exploits 
is of great intercut . 

The maskB of the anthropic gods arc never seen outside of the 
lavas of San Ildefcmso. There b tt great variety of these maski, 
many of them similar to those of the Zuoi, They are held in great 
secrecy. 
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Unttlosoukesr sacrsd to the fpttterniUcst are L'uplLiri*(l when young 
and are reared in rooJits adpiaing thq kivas, A fluffy eagle feather 
IK Ht()u'hcd to the head of the snake when canght, mid the snake Ls 
held enptive with a string siifhciently long to allow it cojujiderabie 
freedom imti] it bwomes neciLstomed to its new surroundings, when 
tlio string is njinoved. Small ojienings in the chamber allow the 
suak^ to pass in and out. In one ceremony, which takes place at 
daylight, the snakes are ItntidJed outdoors, but on such occasiniis the 
pnebln is so patrolled that spying by outsiders is iinjHisSiibie, althotigli 
Mt'sicans live almost in the heart of the vdtnge. The Santa Clara 
people likewise make use of lire snakes in certain eeremonies, and 
they also have a largo owl which they beep secreted as carefuily as 
are the snakesL 

The goveniment of the Tewa difTcra somewhat from that of the 
Zufii. While the goremor of Uie Zufii has to do with civic matters 
onlt, a Tee a governor has absolute power over all matters concern^ 
ing his tribe except tliose conlroUed exciusivoly by the rain priests 
and the war i>rie£ts, Mrs. Stevenson’s studies of the natal rites of 
the Tewa indicate that they are more like those of the Sia than of the 
Ziini, whiJe the religious ceremonies connected therewith more closelv 
resemble those ^rred ijy the Taos people. Hie child is baptized 
in accordance with alwriginal customs before the liaptianiul rile of the 
church is performed. At the preseni time the infant is usually 
carried in the arms instead of on the back of the motlier, but the 
small, flat cradle, with top, and headrest with turquoise setting, is 
made as it was centuries ago, * 

Tlie riiatcrialjiultiire of the Tewa is in many respects similar to 
that of the Zuhi. They were adept in the textile art in early davs 
when cotton, milkwce^l, yucca, and the hair of native anijniils were 
employed m weaving, but this industry became lost after the intre^ 
duetjon of sheep by the Spaniards, for the Tewa. like the Taos peo¬ 
ple, came to deiiend upon the Zuai and Hopi traders for woven f-ar- 
menlB, and also for textile paraphernalia for use in ceremonies. One 
or two Tewa have revived the weaving industtv to some eslent—a 
San Tldefonso mao learned the process from Santo Domingo, and a 
man of Santa Ckm acquired it from the Navaho. The dainty bobv 
moocasins nre now seldom seen, but the women still wear moccasins 
with lienleg wrappings during ceremonies, while at oilier timetj a 
well-dressed sheepskin boot tied below the knee is worn, for deer- 
^iji has become rare, Kative beads are now very seldom seen. Mre. 
Stevenson's study of Tewa ceramitB has convinced her that those who 
decorate their pottery apply their designs, especially the conventional 
patterns, with little undersi a tiding of their syml^ism, the signifi¬ 
cant of which has become extinct. TlTien questioned the potters 
always have a ready answer; benre students are often deceived. With 
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the exception of tlie black wiire «f 5'iiiita Glura, the poltcry of the 
Tewa hiks greatly deteriorated. 

llri. Stevenson has been enabled to record the names of the sacred 
mountains of the Tewa people, as well as the myths associated with 
them. Ill their general beUefs and cuetoins the Tewa are found to 
be intemicdiate between the Taos and the Zuhi. 

The beginning of tho fiscal year foimd Dr* Truman ^fichelsozi;, 
ethnologibi, engugeil in an investigation among the Fox Indians near 
Tanin^ low'a, with whom he remained until ilie middle of Aiigiitit, 
when he proceeded to Oklahoma, where lie Initiated researches among 
tho Sauk Indians of that State. Dr, Ihtichdsfm was very successful 
in recording the mytliis and tales of the Foxnis. which covered about 
2j300 pages of texts. He obtained likewise Gome notes on the eere- 
moniai and social organisation of that tribe^ but these are neitlier 
full nor complete, as the Foxes are, without exception, the motsi con¬ 
servative of the Algouqnian tribes within the United States. ^Vbile 
among the Sauk Dr* Midielson, with the aid of a native interpreter, 
trauslufed some of the Fox myths and tales collected in Iowa, but 
hia chief Avork in Oklahoma consisted of gaining an insight into tlic 
Sunk ceremonial and social organization. He also translated^ with 
the assistance of a Sauk^ the Kicks poo texts coUecteJ by the late Dr. 
William JoneSY subsequently correcting the version with a Kickapoo 
informant. Tho dialectic differences between Sauk, Fox, and Kickm- 
poo are not great, and as few of tlie Mexican Kickapoo now speak 
any but broken English, a Sauk Avas employed in making the firbt 
draft of tho transhitipn* 

Among the Shawnee of Oklahoma Dr. Michelson^s work was pri¬ 
marily linguMic- The results confirmed bis opinion, gathered from 
the late Dr. Qatsebet^s notes and texts, tliat the SbawTiee language ia 
most intimately connected Avitb Sauk, Fox, and Kickapoo, on the one 
hand, and with the Abnaki dialects on the othor^ He also gathered 
some Shawnee myths, partly in texts, partly on the phonograph, and 
a beginning Avas made on the Shawnee social organizatioriK It was 
found tlmt, apparently, the larger diAdsions are not pliratries, nor 
an? their dans exoganmus, as already noted by Dn Gatsdietj despite 
the ordinarr riew. Tlie question of exogamy or endogamy among 
the Shawnee is fixed merely by blood relationship. 

Among the ^lexican Kicka{>oo Dr. ^lichebon gathered gome addi- 
tionnl texts, corrected the translations of Dr. Joneses Kickapoo texts, 
m above noted, made observations on Kickapoo clan organisuttion, 
and gathered also lingulidlc data which shed further light on the 
relations of the Sauk^ Fox, and Kickapoo dialects* 

Dr* Michelson returned to Washington about the middle of Decem¬ 
ber and conmienced the elaboration of hk field notes. In January he 
visited the Carlisle Industrial School, Avherc he procured linguistic 
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data dn OUflwa, TurtlL' AfoiiniEiiii Cliippowa, Potiiwatomi, Abiiaki, 
MenowiriWf Sauk, and Arapnbo. The iinwl iinporiant resull obtainetj 
is the fact that the so-eulled Turtle Sfountain Cliippewu b really 
Crw:—at least such is the lati^jagt; of the pupils at Carlisle. Whether 
the entire hand b Cree is another questiun. Dr. lilichelsons opinion 
that ^Vrapuho is the most diTergent Algnnqnhin dkleet was c(jn- 
lirined, and it was made more nearly certain that Menominee db- 
thictly iwlon^.'H a itli Cree, not ivith Chippewa. Dr. Mieliehion re¬ 
turned from Carlisle in the following month, when he was comijellcd 
to submit to an opemtion for tnirbo^p, which apparent I j had been 
contmctiKl during his iield research^nf the previous summer. On 
resuming hb duties it was found advisable to incorijoratc the lin- 
giibtic notes obtainiai in the summer and fall of 1911 and the winter 
of 1»U-12, so far as practicable, in his memoir on the Linguistic 
nassification of tlic Algonquinn Tribes, then in galley prtaif prepar¬ 
atory to publication in tlie twenty-eigJilh annual report, Tiie value 
and coiiipleteness of this paper u'ere thereby greatly enhanced. 

TMiile ui the odica Dr, Ididickon was fi'equcRtly called on to fur¬ 
nish data for answering leltera of inquity, and he also found oppor¬ 
tunity to furnish notes of addenda and carHgenda for a future edi¬ 
tion of the Handbook of American Indians. 

Mr. .T, X. H. Hewitt, ethnologist, was engaged throughout the year 
in office work, continuing the editing and copying of the legends, tra- 
ditiona, and myths of the Seneca, coilected by the late Jereminh Cur¬ 
tin in 1SS4-S5, Of the original list of 120 items composing thi.s manu¬ 
script collection, &5 have been edited and typewritten, exehisive of 
two items which were translated from inedited tests. ^Vlnle thb 
work is now practically complete, the apparent diacrepanev in the 
iiuniber of edited and typewritten items (aixmt Zit) is due to*the fact 
timl the original Ibt contained a number of texts of little ethnologi¬ 
cal value, being merely narratiTcs of local and personal adventurea of 
modern Indbns witii ghosts, and the like, and tales ulmnt modern 
witchcni ft. Tlie t wo Items completely trenslaled were difficult of ren¬ 
dering, na they were partly illegible and had been left inedited. Two 
or three fexte of similar character remained to be tianskied, and on 
these Mr. Hewitt was engaged at the dose of the fiscal year. The 
Seneca material collreted by Mr. Curtin and placed in condition fur 
publication by ilr. Hewitt now comprises 1,S50 pages; 

In addition Mr, Hewitt undertook ibe work of translating a num¬ 
ber of inedited and uiioorrtrtjtcd nunmsoripts tiearing on Seneca tradi¬ 
tions and Icgetuioiy lore recorded by bimself in lS9d. Thirteen of 
these items were tran.>rlntcd, aggr^mting 410 pages. 

-Vs in the past, Mr. Hewitt derded considereble time to collecting 
and preparing data for replies to correspondents on lingubtic, hb- 
torical, eociological. and techjiital subjecU, and served also as cEisto- 
dial) of manuscripts. 
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Mr. FrjiTicJ5 Fiei?ehe^ ethnologifit* wnB rngngi?d diirijig: the j&ir 
in the furtliei' study (rf the trilml rites of the Os^gr Indiana in Okhi- 
homfl. Tiieso rites are regitrded by the tlsage as mj-storioiis, rntd^ 
being held in great awe by tlie tribe, are very ill (Scull in obtain^ pven 
by tlieir own jiiembers. Instances are pointed out where, in the belief 
cjf the Osage, persons in officinting at ceremonies made mistakes in 
the form or in the recitation of the rituals and in the singing of the 
Songsj and have therefore l>ecome insane, or blindj or have met with 
violent death. The murder of Saucy Calf^ a man of high atanding 
in his tribe* nnd the burning of his bonEfi la^ winter are attributed 
by his people to the fact that he gave away certain rituals und SGnga 
of the sacred tribal ceremonies* From Saucy Calf Mr* La Fii^he 
bad obtained tlie entire first degree of the Xo“ho°zhi“ga rites* and 
while the two were together the old seer frequeoily expressed the fear 
ihat some kartii might come to him for parting witli these relig^oua 
ficcrofa. By rea.son of the superstitious awe in which tliesc sscml 
rites are held* Mr. La Flesche’e studies in this parlJculor have been 
neccssuHly slow, since it wais osMBUtinl for him firEt to gam tlie full 
confidence of tlio^ versed Uierein* Xotwitlistanding this diffi* 
cuity* he \\u$ forttmate enough to procure the full ritual of the 
Hibernating of the Black Bearj which pertaijis to tlie origin of the 
seven and sis war honors of the tribe, and is iTicited by the men mem- 
bi’rs of the Xci^ho"SEhi'"gn of the Black Bear clan al the sacred-bumUe 
ceremony when the warrior chcksen recounts his war honors and takes 
up the seven and six willow saplings to count and the songs of thb 
part of the ceremony are being sung by the ofticiatiug priest* A re¬ 
lated ritiiRli which tella of the rearing of a child to the completion of itfs 
life, is recited when o wddow La being initiated into the Ko“ho^zhi“*ga 
to take tlic place of her husband: but Mr. La FIcsche has not yet been 
nblc to record tliia^ owing to die dread inBpinwi by the death of Sauev 
Calf- However, after conridurable difficulty he succeeded in olitpiti- 
5ng six rituals from WaxriiEhi* whose father, who died about a year 
before, h said to have been the Joat of the No“ho^zhi''ga mun Ihur- 
nughly verseil in the aucieut ritesw 

Another ritual cbtuinetl is the Dream Hitual, with literal and free 
translations. This m a narration of a fast dream of 

the sacr«*d packs, a niiriilier of ivhich have been procured and irniis- 
ferred to the National Museum, 

Still .mother ritual, known as the Wi-gi-e Paho-gre,First of the 
Rilunlsj” with litenil and free tnimtlations, whs recorded, TIiLh telhs 
of the coming of the Ho^ga of the Seven Fireplacest nr dans, to the 
earth from the sky by penni5stion of the Sun, Moont Juid Morning 
and Evening stars, imd with the aid of the Winged llo^gu, or 
“"Spotted Eagle'-: of their finding the ejirth covered with water 
when they descended j tlieir having to rest on the tops of seven rcil- 
oak trees, until, by his niagio power, the Elk tlis|>crscd the waters 
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and made dr.v hmd appear; thesr meeting^ with the crawfish, which 
brought from out of the earth cla}’^ of different colors to he used 
by the people of the lIo’’gti clan for symlwlic purj^xises in their 
Ko'ho'zhi'gn rites. Hie X'ofho’’ishi''ga nro said to bo exceedingly 
careful not to recite this ritiinl to anyone unless given large fees, 

Tlic ritiinl of tlie Hirth of the Sacred Bjrdf also recordeil and 
translated by Jlr. U Ficsche, relates to the adoption of the hawk as 
a war ^ibol and is in the form of r"*3gcnd tolling of the birth of 
the bird, as of a human being, to the sister of four brothcra who 
atlendetl the delivery of the child. The stoty begins with the birth, 
gives the details of each stage of growth, and tells of the protlictioa 
of the four brothers tliat their nephew was destined to become a great 
wwior. The child becomes fretful and wnils ceaselessly until the 
skins of seven prey animals nod a bow with a bit of scaJ]) attached 
are brought to it by lu uncles. For this reason no one eon \.k initj- 
. flted into the order of the Xo‘ho''riii~ga imlcis he furnishes the siting 
of these i^ven animals. 

The ritual of the .«tymlM)Uc Painting was likewise recorded. This 
relates to the ^-mboltc painting of the man who nets as the initiator 
in the initiation of a new member of the Xo'ho^zlii^gn order, Tiic 
paint is symbolic of tha dawn and the rising stm. 

Another ritual, that of the Approach to the House of Tniluition. 
is reeitcfl by tlie ofliciating priest while he^ the initintor, and the 
votary ceremonially approach tlie place of meeting of tlie Xo'ho*- 
zhi'pi for performing some of the ceremonies. It relates to the 
Tai'-wa-ko*Hla.gi, or “mysterious limifie,*'of the IIo"gn clan, 

Tlie ritual of Feeding of tJie Fire relates to the eeremonial building 
•if the sacred fire at the place of gathering of the Xo*hD“*hi'ga to 
Frforni one of tiie ceremonies. It is an appeal to the EU|iernotural 
for aid m obtaining deer for the sustenance of life and also for help 
to orereotne the tribes which menace the Uvea, tlie peace, and the 
happiness of the people. 

l\Tiile these rituals are in tliemsclves complete, each one forms a 
part of the great XVho’'zhi''ga rite, which Mr. La Flesche U on 
deavoring to record In its entirety. 

Asiile from the rituals mid so'ngs. Mr. I.a Flesche W proctired 
Stones of the freA-o-'dagf, or medicine men, and of the strange animals 
from which they oblaiiiiKi superiiiitiiral powers; he has also recorded 
love stones, stories of those wlio had died and retunieil to life, war 
storie?, and myttis. i^nie of these have Iwcn transcribed in final 
form. In all, the test of these stories aggre^Les about S&O pages. 
Mr. La Flesclie, however, has given camparotivdy little attention to 
legends and stories of this kind, having devoted Iris energies chiefly 
to the sreret rites that at one time meant so much to the Clsuge people 
Had T¥hif:h flit so rapidly disappeuriiig, * ^ 
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Bt a^jTCfmcnt with Mr. Kiirl Moon, noted for his work in Indian 
photogriipiiy, tlie biirHiu is lo receive a series of Osage photograpiis, 
taken with tlie aid of Mr, "La FJcschc, who made the necessarj’ nr- 
rangementfi with the Indians to pose for tticm. Jlr. La Flesclie re¬ 
ceived as a pft from T^^ano^shexhi-gu the sacred bundle of the Eagle 
dnn, to which lie Ijelongs. This fine, specimen Las been tninsfemid 
to the National Jluseum, wlierc it is placed with the mher Osage 
buiitlles tiiat he has been so fortunate as. to olHnin. 

pr. Paul Radii], ctlinologist, was among tlie IrVinrebngn Indians of 
Wisconsin at the opening of the fiscal year, having resumtfd his in- 
vcsttgiitions of this people in the preced'ing month. These were con¬ 
tinued to completion, and in October, toil, Dr. Radin returned to 
Washington and continued the preparation of a monograph on the 
ethnoiogj- of the Winnebago tribe, which ivas brought to completion 
and sobmittefl in the latter part of March. 1912. Although the 
Ni^liUm of publication of this memoir has not yet lieen dctcmiined, 
it is proimble that it will appear ns ilie accompanying paper of the 
twenty-ninth annual report. 

Dr. Frana Boos, honorary philologist, continued the linguistic re- 
^relies outlined in previous reports, the immediate object of which 
is tlie eompielion of ijtart 2 of the Ilandbook of American Indian 
lorngunge-s, which is to contain sketches of the niitiva langitagos of 
Oregon and ^Vaaliington, with some additional material on the cs- 
I ran If northwestern part of the cojjtincnt. An account of the devel¬ 
opment. of the plan and object of this Handbook was set forth in my 
Inst annual report. 

The printing of the sketch of the Takelma grammar, by Dr. Ed¬ 
ward Sapir, for this Handbook, has been completed, and the separates 
thereof liavc been issued. The work of Dr. I,eo .1. Frachtenberg un- 
fortunately stilTered delay owing to protracted illness. His revision 
of the Coos grammar, however, has been almost completed, and it 
is ejfpected that the raanuscript of the Siuslaw grammar will be In 
the bands of Dr. Botis, os editor of the Handbook, by August of this 
year. The neccsssary final revision of the subject'matter of IwtU 
fckelcheii was made by Dr. Frachtenberg at. Siletz, Oregon. 

Dr. Boas rewrote a grammar of the Omkehce longiiagc, with coni- 
panitive notes on the Korj'ok and Kamchadal, hy Mr. Watdcnuir 
Dobras, and added references to the published Ruslan anti English 
scries of Chukchee texts, which had beeu puhlished previously by 
Air, Bogara!^. In the course of tlie year thLs nuinuscnpt was also tviw- 
written and prepared for the printer. In the summer of 1912’Dr. 
Boas met Mr. Bogoras in Berlin and discussed with tihn the revised 
form of the grammar. At tlie close of the year the results of these 
discuBsiojis were being incorporated in the grammar, and it is ex- 
pectcjl that the manuscript will be readv for the printer earlv in the 
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Dr. Bms bits followfftl out I lie poliej? of printing illustrating 
th^ gnumnatical j^hetches in a scries ^rhich acGording to the original 
plan were to have been publiidted as bulletiiis of the bureau, but this 
plan was nlnmdoued for administrative reasons. During the pru^nl 
vear the series of Tsimshian texts^ illustrating the Tslmshian diuiect, 
was published as Volume III of the Publications of the American 
EtImoJogical Society, and the series of ^laiihi texU as Volume IV 
of the same series. These Ulustrate languages coutaiued tu part I 
of the Handbook, so that now texts for all the language therein 
treated are availnble to students. 

The printing of the Coos testfe. by Dr. Fniehienberg, which are to 
appear as ^^olunie I of the Colufubia Univemty Contributionfi to 
Authropologj-^ bos almost been completed, and llic printed matter 
has lieen utilised to ilUistmtc the sketch of the language. 

The research in Indian music by £fiss Frances Densmor® was 
characterized by the completion of her studies among the Chippewa 
and the beginning of iuTcstigatlons along similar lines among the 
Sioux. Miss Densmore's Geld work comprLst'd one month with the 
Sioux on tlie gisseton Reservation m South Dakota, about two 
months on Standing Rock Resenation in Korth Dakota^ and a few 
days on the White Earth nation in Minnesota for the final 
revision of some descriptions and translations in Iter Chippewa 
iiiann.seripts. The finished resiihs submitted during tlie year com¬ 
prised material an lioth Chippt^wa Biid Sioux niuffic. Two papers on 
ChipppwB sladi&^ were pr^-nted, arte entitled “ Further Analyses 
of Chipiiewa Sangs^" the other bear big ihe title ^ DeductioUH from the 
Analysis of Chippewa Mu&ic.'^ In addition Miss Densmore finished 
about 100 pages that included adclitlonal references to the bihliograpTiy 
of the subject, a more complete explanation of jninor points, some 
linguistic analyses, and alight clmngcs in the analysis of individual 
songs to conform with present methods—all this was tr<jmpleli- for 
pubiication when submitted. Iter paper on “The Sun Dance of the 
Tetoii Sious^'^ including S3 eon*^ could be publlalied In its present 
form, but it ia decmeii desinible to add a sLnictural analysis of the 
aong^i similar to that accompanying the Chippewa material. 

Additional il lust rat ious for tlio Ciilppewa studiesi have licen sub¬ 
mitted during the year, abso adequate illustrations for the paper on 
the Sun dance of tlie Sioux. Willi few exceptions these illustrations 
are photograplis taken ei^pedaily for the work, many being pictures 
of old ceremonial artide^ used in the Sun datice. ConsiderAhle atten¬ 
tion also has been given to tlw collecting of specimens Imviug on 
intensst in connection with the work. 

Mr. W. n. Holmes, head curator of the department of anthropology 
of the Unite^^] States ^’^atioual tins continued, as oppor¬ 

tunity alfordedf the preparation of the Handbook of Areheology 
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commenced by film while chief of the bitreau. The mniii body of the 
rc^arch work in connection with this Handbook has l)eeti completed, 
but much remains in tho way of literary investigation and in the 
preparation of illustrations. 'iVbile no time con yet be fixed for the 
completion of the work, Mr. Holmes hopes to finisli the inqtniscript 
and the illuslrntions for the first volume Iwfore the sominer of HI 13. 

Good progress has been made in transcribing the niaiiuscrjpt 
French-Mi ami dictionary, by an (inkiiown tiuthor but. attributed to 
Fere Joseph Igmitins Le Boulanger, in the John Carter Brown 
Idbmry at Preividetice, lUiode Island. Tlie copying has been made 
poRiible through tlie courtesy of Mr, George Parker AVinsUtp, libra¬ 
rian, ivho not only has pbeed this I'nlunble manuscript at llie dis¬ 
posal of the bureau for this purpose, but has kiudly pennitteJ Ids: 
assistant, Mies Margaret Bingham Stillwell, to prepare the tran¬ 
script, and personally has supen’ised the making of photostat (>opies 
of part of the auinuscript, onpeciiilly tlmt dcvoUtl to the text pnrtioji. 
During tho year ifiss Stillwell fiidsliod nod subuiitteil the transcript 
of 295 pages, representing pages 20 to 7T of the originnl. 

Prof. Howard SL Ballou, of the College of Hawaii, has continued 
llie search for titles for tlie proposed List of IVorks Beiating to 
Hawaii, especially those of works publislied locally in the native 
language, many of which are vety rare. In this work Prof. Ballou 
has had the generous assistance of the Eev. Mr. tVesten’ett. This 
bibliography has now reached a stage where steps should soon be 
taken toward finally arranging the material for puhlication. 

There has long been need of a revision of the Cainlogue of Pre¬ 
historic "Works East of the Rocky Mountains, prepiirvil hy the late 
Dr. CyTus Tliomns and puhlLshed as a bulletin of the bureau in 1801, 
^ but which passed out of print several years ago. In the fall of 1911 
steps were taken towartl undertaking this revision, .ind the hurc.'iu 
was foiiiuiate nt the ontset in engaging the services of Mr, D, I. 
Biishnell, jr., of University, Virginb, as compiler of the work. Cir¬ 
cular letters were dispatched to county clerks east of the Mississippi, 
who not only supplied direct information respecting ulioriginnl .sites, 
hilt furnished the names of hundredR of collectors ami otherii having 
personal knowledge of the subject, and to these special let tern were 
addressed. By this mean.i so niuch iiiforniatlon of a local character 
was received in regard to the locatiori of mounds, viUagu and camp 
sites, site 11 heaps, quarries and worlodiops, pictograph.v, etc,, in addi¬ 
tion to that reconl^ in ilW Catalogue of Dr. Thomoa, tliat the revUt‘<] 
work gives promise of bejrig a fitirly complete Handlxifik of Aborig- 
iiml Remains East of the Mbslssippi. Besides finishing the coIliU inji 
of this matena] and of other data already in pos-si^iuu nf the htireau, 
Mr. Bushnell has made good progni^ss in extrectiug the infomiaLion 
contained in various publications devoted to American archeology', 

ssatio*—av 
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notobi}' (bos« by ilr. Clarenw B. Ihlooi^ an the mounds of the SotUli. 
In this coRipilation the huresii bus hfld the jEtenernuj^ coopemtion of 
Mr. ArtJiur C. Pnrker, State archeologist of New York, arul of Mi*. 
Warren K- Moorchead, eiirator of the department of aicbeologv of 
Phillips Aradeiuy, Andover, Miissadiusetts. while others have kirnlly 
offerctJ their aid. Jfo date for ihe pijhlication ean v'et be gii'en, 

ftBLICATtOXii. 

Tlie eflitorial work of the huicaii haa been oonclueLed under the 
immediate charge of Mr. ,f. G. Gurley, editor. Tlie proof i-eadJng 
of the ^ttventy-aoTOiitli nnniini report, the accompanying paper of 
vhidi is u monogmph entitled **Tlie Omaha Tril*e" by .\]ice 
Flcldicr and Francis La FUwlic, was completed and \lie leport 
published. 

The monujjcrlpt of the twcntvHiighth anniml report wns edited and 
Iransmitted to the Public Printer. A{ Ihe dose of the year n1»iit 
one'third of this report was In page form, and tho remainder was in 
procftsi of pnpng. This report indudes the following papers: f’asa 
Gwmle, Arizona, by Dr, J. Walter Fewltes; Amiqnitics of the Upijcr 
Verde River and Walnut Creek Valley, Arizona, also by Dr. Fewkes. 
and Preliminary Report on the Linguistic Classification of AWn- 
quian Tribes, by Dr. Tmmnn Kfididson. ^ 

Tlie series of bnUetins was inerMsed by fbe addition of Bulletin -IT 
A Dictionary of the Bilo.xi and Ofo T4«ngU8gcs, Accompanied bv- 
Tlnrty oiie Biloxi Texts and Numerous Biloxi Phrnses, by .Inmts 
Ovren Dotwy and John R. fiwonton. 

Bulletin tt>, List of Piiblicntioui, of the Bureau, was issued tn a 
third impression. 

Bulletin 10, HandWk of American Indian lAiiignages, Part 5, was 
carried toward completion under the editorship of Dr. Franz Boas 
as elsewhere staled, with the result that two sections, comprising llg 
pages-, dealing with the Takelma and Coos langniages, arc in siilislan 
tially final form. 

Toward the close of tlm year steps were taken to advance the work 
on Uiilletin 4fl, Byington’s Choctaw Dictionary, edited In' Dr Jolm 
R. Swanton. 

Considerable time was given to the editing and pnmf reading of 
Bulletin OSt, ^rly iliin in Soiitli Amerkg. by jVle^i Urdlifka, in col¬ 
laboration with IV. H. Holmes, Bailey Willis, Fred. Eugene BYicht 
and Clarence N. Fenner. At tho close of ^tme the work was nearly 
through press, > 

The last bulletin to recei%'c attention was Xo, sa_Chippewa 

Mtmic—II, by Frances Deufinutre. Subdnntiol progrc»ss on the prep- 
aration of tlin author's material for the press had been made at the 
close of the fiscal year. 
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'Ilii' rlcninnd for the publicntions of ihe bureau rniUiniies to increase, 
and thetr diatrilniiinn. numbcririjz ir>,tW;) ooptes during the roar, n««»> 
situ ted cxtendeil eorre^pon deuce. Tlie dietribiition of the biireatt 
ptiblieatioa^ has been im«Ier the immediate care of Afi»4 l felon Mimroo 
and lifr. £. 1.^ Springer, of the Smitbsoniuii Inslitntioi]. 

A concurrent resolution authorlidng the reprinting of the ITan(h 
book of American Indians was introdueed In the Senate and passwj 
on Mtiy tl, and subsequently was fitvornbiy reported l>y the 

Committee on Printing of the lionise of Ilepre^nUtivcs, but it bad 
not lieen passed at the close of the fiscal year. 

tI.l.t*!SrilATlOSS. 

The preparntion of llie ilt list rut inns for the piildicatiims of the 
liurcnii and the photograplniig of ilie inendiers of visiting delcgn* 
lions of fnilinns wen* 4?oiiducled under the charge of ^Ir. De Tumcev 
Cill, illuslnitor. In CQiinection with this work 9t) photographic 
ni^tiiu^ of Indians and 123 of ethimtnj^e subjects were prepared | 
inf» 5lnis expoeed by members of the bureau in the Held were dovcl' 
operl: 1.322 prints were made for publication and for esehutige or 
distribution: and 110 pen and brush drawings were prepiiretl. At 
the retpiest of 5Ir- Willxfrforce Eanies. of the Kew York Public 
Library, a collection of 118 pbolograplis of representative Indians, 
covering Sfp tribes, was furni^ied by the htircnii as ,i part of a loon 
cxhiliitioR opened at that library in hlay ond was still cn view at 
the close of the fiscal year. 

Mr. fiill had the tusnal assistance of Henry Wallher until February 
18. 1812, when his services in behalf of the bureau for many years 
Came to a close with his death. Mr. Waltlier baa been succce<l^ by 
ft'aller A. tltenhonse. 

LiBiLiicr. 

Under the sujxTvLsion of Miss Ella Ijcary the work of the library 
has made sat Uifactoty'^ progrrss. During the year T20 vohimcH flO® 
by purchase) and 300 pamplilets were received: in addUton f»20 
periodical publications, of which Gflfi were acquired by exctmnge niid 
tlic remainder by subscription, were accessioned. The reeatnlogiiig 
of certain serial publications in the library has lieen continued, and 
niicntion given to the preparation of a subject catalogue of the large 
collection of pumphlets, matiy of which had been storetl and there- 
fore were inaccessible for three or four years. SuetTssful effort has 
been made to complete the sets of certain publications of scientific 
societies tind other learned institutions. For the use of the members 
of the stalT the librarian has prepareil anrl poste^l copies of u rnonthly 
bulletin of the library's principal accessions; anti in order that the 
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Inrgo numlx'p of i^criiib recph ed might nUo In- nmde raidily 

ac4.'e»;iblp, tlip nirrent iKtiies Imve been tlisplnycU on ii table jnovidcd 
for that purpose. 

Notwitlwtanding the incrcnsijig vahie of ibo bureaus libi-afy, it 
was found necessary, from lime lo time, lu make requisition on the 
J^ibrarj' of Congress for the loan of books, the volumes thus received 
for Icniporary use numbering alwut 250. Tlie volumes bound during 
tiie year numbeied m. At the cicee of the year the libraiy con- 
lamed approximately 17,9*0 VDlnmes. about 12JK)0 pamphlets, and 
several thousand periodicals. Although maintained primarily as a 
reference libnin- for the bureau-a staff, it is constantly conMul’ted by 
fitudenis not connected with the Smithsonian Instilutton and liv offi¬ 
cials of the executive departments and the Library of Congress, 

Wt. lections. 

Tlie following collations were made by members of the sin IT of 
the bureau during their Geld researches: 

By Mr. F. AV, Hodge: Twenty-two paper squceBeis of early and 
recent Spanish inacripliojia on El Morro, or Tnacription Rock, in 
New Me.\ioo. Objects of stone, bone, clay, etc., from the cemetety of 
tlio ancient ruined pueblo of Kwasteyukwa on the mesa above the 
Jeinez Hot Springs, New Mexico. Ten bBircls of potterv and hiiman 
skeletal remains fr«>ni Uie same locality. These collections were made 
under a joint expedition conducted by tlie bureau and the School of 
American Arclioology. 

By Dr. Jolm R. Swanton: Two hall sticks, one bull, one hrcech- 
elolli and bell, one tiger tail, from the Creek Indians at Coweta Okla¬ 
homa. ’ 

By Mr. ffatnes Mooney: Four dance masks, two pairs of hall sticks, 
two lay baskets, two Wiiodeii spoons, one ox muzxle, one stone ax, om 
atiiall celt, three arrowheads, from the Chcrokco Itidians of North 
Curolina. 

By Air. Francis La Fleache: Two sactml packs of the Osago 
Indians. ^ 

PBOPKBTY. 

The mast valuable part of the property of the bureau ooiwists of 
its library-, manuscripts (chiefly linguistic), and photographic negu- 
tivea. The bureau possesses also canierns, photographic machinW, 
and otlier ordinary apparatim and equipment for field work; sta- 
Uoncry and oflli-e .supplies; nefeasary office furniture; typewrit^' 
etc., and the ujidmtrilmled stock of its publications. TheumoiinlS 
$.142.27 was expended for office furniture during the year while the 
cost of necessary boobi and periodicals was $306.42. * * 
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As ill the piisl, tlw tuntiuiieripts Imt^ iiiicler the ciistodjjiDsliip 
of Jlr. .r. X. B. Hewitt. TUw.se witlidrurtu by coUalKinitors of the 
bureiiii during the year numbered items. The new* mafiui^npts 
acquired are those hitherto mentioned in this report as Iiuvhig be^n 
prepared by niemi>ers of the staff or by coll obomtors and design^ 
for eveiitual publication* Negotiations have been entered into with 
die heirs of the late Sehor Aiulomiiro Molina, of Merida, Yucatan^ 
for the return of Henderson's Maya Dictionary, a nianuscript of mx 
volumes lent to Benor Mohim a nimilier of years^ ago for im tw con¬ 
nect ion with certain linguistic studies then con Lem plated m behaif 
of the bureau. 

MX.'OMIJENDATIONS. 

I desire to repeat the recommendations submitted in my last annmil 
report, respecting the extension of the researches of tlie bureau and 
for other purposes^ and urging the appropriation of the necessary 
lund.H for conducting tliem. Thcfie inrltale the following projects: 

Tlie exploration and preserii’ntion of antiquities in the arid region* 

The extension <if ethnologic reiseartdiea in Alaska and among Ihe 
tribes of the Mississippi Talk}"* 

The preparation of a completely revised edit ion of the IlandTxiok 
of American Indians* 

Additional editorial os^i^tiuiee in preparing the pubUcalimis of 
tho bureau for Ihc pres^s. 

A small sum Lo meet the expense of supplj^ing photographs r>f In¬ 
dian stibjecLs to ijchook and colleges, and for other ediicationat pur¬ 
poses, and for systematically making pliotographs in the field to 
iUustruLc the daily life and the cereiiionics of the Indians* 

In addition it is reconinicnded that the sy^teinatic excavation ancl 
study of certain archeological alters in the a nil be con¬ 

ducted in order that archeological research imiy go hand in hand with 
the ethnological studies now bdiig piii>.ued in the same fields* 

The reasons for exleiuling tlie Avork of the bureau in the direction^^ 
indicated are set forth more fuBy in the estimates of apjiropriations 
for the year 1911, in connection with which the Rums regarded as 
neccssar}- to Ihe Avork are given. 

Respectfully ottbniitled, 

F. Hoimjk, 
t^thnofogint in Charge- 

Dr. CllARLT^ D. M'aljtOTTp 

Srctt'iarg nf iAe In^fiiutli/n^ 


Appendix 3. 

REPORT ON THE INTERSATTONAL EXCHANGES. 

Sib: I have the honor to suhioit iJio followLiig rejjort on tho opero^ 
tions of the liicoriicitiuniil Exchitiigv Sen'iw Jurltij' llie iUml year 
endthg J u»e 30,1912: 

The congre^iunal appropriation for the support of the s**rvico 
during the year, including tlie ulhjijuent fur printing and binding, 
Vfa5 $32;200 {the saiiif utnounl as granted fur the ]iust four yetirs), 
and the repayments for i;emeest m iidered were luokhig the 

total nvfiiJable r&iourtes for currying on the eyslem of international 
exchanges $30,39],02. 

Tire total number of packages handled during the year was 
315,492—nn increase ow the number for the preceding year of 
29,794. The weight of these jiackages was 5RB,712 ponnds—a gain 
of 7,904 pounds. The increase in the volnmc of business, wbich haa 
been continuous since the establishment of tlii' service, ts sSiown in 
the diagram on page 99. 

Tlie publicaiion.s dispatched hy (he Exchange .Service arc i*lu.Msifled 
under four heads; First, the Congrtaaionul Record; second. “ Parlia¬ 
mentary documeiitsthird, “Departmental documents”; fourth, 
“ Miscellani'Otis scientific and literary publications.” 

The term “ Parlintneiitaiy documents,” as here used, refers to pub- 
Kcatiori-s set aside hy law for exdninge with foreign Governments, 
and inclndes not only copies of documents printed by order of either 
Hotise of Congreis, hut cojiies of eacii publication issued by any 
departiiicnt, bureau, comniisston, or ofEcer of tbe novernnient, Tim 
object in sending those publb;atiOTis abnmd is to prwurc for the use 
of the Congress of the United Staten a complete series of the publt- 
eiitions of other GoverniiietiU and the returns tw deposited in the 
Congressional iJbrary, 

The iemi “ Departmental documents ” embniccs all the publica¬ 
tions deUvvred at the Institution by the various Govomment depart¬ 
ments. bun-aas, or roiiimisslons, for distribution to their correspond- 
ents abroad from wltitni they desire to obtain similar publications in 
exchange. The publications rweived in return are deposited in the 
various departmental libraries. 

The “ Mi seel bin eons scientific and liteinry publicutioiis ” are re- 
.reived chiefly from learned .sotnetiea, universities, colleges, f^ctentific 
cs 
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institutes, and museums lu the United States, ond transtuitted to sico' 
ikr iiistitutiona in all parts of the world. 



DlAl^hi flbowlz]^ la-mii* ^^IchBD|^F tmnPPilMlbaa, 1 b Kwii pouadu, ffpfti liflfiO 

ta lUli divided Ifllo period* of ]r«Lr» emch. 

For piirpEi^*s ul ctitwpftriison^ lh<! number and wiSiglit of packaged 
of tlllfL-retit classics are indicattci in the following table ; 


Cntted fitalH pttfli&mettBfj doCimieiitA snt BlmiJ 
t'lyiddmioni rKwWnl in ivIidxl Jar ptpilAtti^luy dwuenmU... 
CFBllfidfiKIttilirpiaftiiMmtaJ dtB^LLnuciEisHitiilJvwl. 
ruUikalLbniwSdv^ IftfstiM ftirtln^iinni^^ 

If fi, nd. Uiotuy IwUk&tmU 

HbBidlusiHU, KionililCraad Utaij |tuljiBauicriu mmIwI from 
jLbttHi dkxrtbtaidn tn Oi* Uuitiwl dlAW.. . 


G riiii»a wW,. 


l^kkfH. 


It 


r£,«B 




tooriwdJ 






WtlcbL 


$iilL 


lOilpHa 

^ummmmrnKM 

lllpIMS 


RHihwI. 

iTjTM 

11^113 


d^m i^JCa 


315^4 




































































































































CO ANKUJ^L IlRPOKT fiMJTnSOXIAX ISSTlTUnOK, 

Tlie disparity iodicatsd by ilie foregoing {statistics bctwL'Cn tJie 
number of pjickflges sent iitid those mrived in liehalf of the Govern- 
raeiit isnocounted for, in purl, by the fact that packages sent abroad 
coutnin, as o rule, only one publication, while those received in re^ 
turn often eomprise muny volnmes, in some instances, especially in 
the case of piiliUcations received in return for parliamentary docii- 
iiienis, the term “ package ” ijetng applied to large boxes cojiliiiniug 
100 or more scpamle [niblicationa, of which no lists ure made in 
Washington, as tlit* boxes are forwarded to their destinations un¬ 
opened. I'uvthcrmore, many returns for pitblicatiuns sent abroad 
r^eh their destinations direct by mail and not through the Exchange 
fcicrvice. 

Propjer allowance being made for these circumstances, it is, never¬ 
theless, apparently true Mint the publications of the United States 
(ioverntiiem sent to foreign countries greaily exceed in number those 
received by the Library of Cotigress and the several executive de- 
pjartinents, bureatis, and independent offices. This in turn appears 
to tie due mainly to the fact that most foreigir Covemments publish 
Jess extensively on «?icntiiic and other subjects than our own. The 
fit'llI reliitioiia Wbv^?^^D ihe Government mid tscieiitiflc and other in- 
stitutions are more complex in many countries than is tho case in the 
United States, and the dbtincliou Iwtwecn public documenta und 
otlier jmblicalionB is not so clear, especially where the printing for 
tile Government is not centraTixud in one office or is not done by the 
Government itself, 

TYliik several of the departments and bureaus of our own Govern- 
tiietit huie expressed theiuselves satisGod with the returns received 
through the Exchange Service, it is proposed to make a further in¬ 
vestigation of this Subject for tJio purpose of ascertuining whether 
aonie important publications ami series of pubUeationa have not Ijcen 
overlooked, and also what propt>rtion the number of the publiaitions 
issued liy certain Eiirotiean tiov'eminenta in u given vear bears to 
the number received by the dopnrtmente and bureaus of the UnUed 
Slates Government, and to the number sent to the fumicr. It will 
be obvious tlmt a debit and credit account is out of the question in a 
case of this kind. Uliilo a scicntilic or literary institiiliou issues 
publications for the benctit of the whole world, a* Government issuea 
reports and other documents mainly for purpoEes of recoml and for 
the Informiition of its own officers and its own citizens. The more 
largely tlio jieople are directly concerned in the Government, and the 
more extended its interests and activities, the greater will be Uju out¬ 
put of reports and other publications. .Such a Government will have 
much more to otTer than it can expect to receive in return from a 
smaller country. 

As reprds the excliangp of rniscellaneou.K sdcniihc and literary 
publications, it will b*‘ noted that the weight in jioimiLi of tlios* 
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received into t)te United States tliroiigh the Exchange Service during 
the year IDll more then doubled (he weight of ibose cent abroad, 
while tho weight of those received dtiring the fiscal jeer 1012, i-ov- 
ereil by this report, almost equalled that of those sent abroad. There 
is every reusuti, therefore, to believe that this important branch of 
the work yields adi^quate returns. 

By refening to the foregoing table it will be noted tliat TO per 
Cent of the work of tlie offire lias been conducted in behalf of United 
States governmental establishments. 

Of the 2,<39.> Imxes used in fora'arding exelianges to foreign bu¬ 
reaus and agencies for distribution (an increase of 15 boxes over 
1911), 328 lioxes contnined full sets of United States official docu¬ 
ments for authorized depositories and 2,OCT were filled witli depart- 
mental and other publications for depositories of partial sets and 
fur miscellaneous correspondents. The number of boxes sent t» eai'li 
foreign country and the dates of transmission are shown in the fol¬ 
lowing table; 


tVinW{riin»rnfN itf to for^it munfrlc#. 



fM* b<i». 

ol ImikmiLsakiii. 


1 » 

JeJy la^ A&c. lA^ Bfpt. ao, Ctet. IB, N*¥.3S,D«_3?, Wit; Jin. 3P, Fst*. 
kiif, 32, Jipr.ja, lUy a, j™ Sp liJi 



Mj i2, Auf. 7, M. OftU** Ifill; a«L ID^, Tmb. T, 

! Mat. 0, Am- i. 3> lasM 

_ 

3 

i lCar.3T,Jaii«3?,iai^ 

.. 

1 “* 

3iilf Atif. 13,3»pStrp|, 53, 0^^ !*, Kav.4,as, Dwl Sfl^ Itfll; Joa, 

4,3T, F4b, IT.Mfif, iflySO; Apf.sr, Uif Ifi, June 3,13I3. 


] 

! If'gb, la, Sana, 

Ihiiltt..., , 

in 

^ Aq^ »p fibpl. 3S^ NtfV. u, mi; J«L ntx 2 *^ M&J ^ 

\ jHfK^uia. 

Btinn_ 

Xl 

Jtil^ Idp An^. IS, iw. 3C1, «. *S, Dw, 5?, IHII; Jiul 30^ 

t^li, ^ A pr. Z}, Uflj 3Ip Jvnu Z5p 1112; 

IkftLihCiiJMilsi.. 


Jtilj A, Auif. ia,3lp Sopt, Tp <3rt- 31V Jin- iV Ajir. 

37,JEinA^13IX 

imtUidqjfljw. . , . . 

3 

J4I11. 30> Juuas, £513. 

Brtf Ul rfondund. . 

t : 

Ju- Adp iiina. 

_ 

3 ' 

Jnlt 3S, ®*t4.Ntfr, 7, JUl. 

_ 


Aue- IB,. Nav. IBp 1^11; 7«i. iDp Apr. ],Xf, Jdh U15. 

OHJaCdlciAy __ 

u 

Aue- 1, ?£ov, 7, wil; Jw-», Apr, 15, Hirrii. JimiT, nni 

chaB,„,..„.. 

3Ef 

July lA. Aue.IB^ Aiip^^Ot^L lS^Nt^v.33, i>«L 3 T, tWJ* JailSiV FeK 
33, Mir.aa. Ajif. Ma;^ 24, JmTa, lUiaL 


S 

Jiit:f^p Aii|^a,s«p 4 .a 9 . mi- Jafusi, Fftb, 3 a,M 4 f. 

3 F, Apr. WL 3l4tf 31 p Jw 37,131^ 


14 

Ai3i;aj,9flpc.ai, Not A Iffll; Apr, 53, M*F 2*, wia. 

Cotlii . 

i; 

July n, Ait*^ai,®ipt aa Q«U3?P Nov.sa, laii: Jm. Fflb.H A£w. 

^ aip Jim ±2; »ia. 

... .. 

4 

AUf. IDp HhW. id, 1911; JaH. Apt, 1, U, Jum 1, Ifi± 

INmEttiut_ _ 

tl 

J 1 J 7 19, AU£. 34r Sflpi. 37, OoL 1 % Nar. Ilk tte- Lfp mi; Sum. 20^ Fob. 
□OL Mar. 13, Apr. Iflt May Juu* 5flv 1913- 

Eft liir^ric^ 

1 

AiU, ai. Sk 131 lilil Jui. F«b. Apr. fUp Juan ^ 

1912. 
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ron«^tfiiiNifiif« g/ ^.rcAanpr# (f> forttfin covutrif* —t/buti&tted. 


CaoBirf. 

Nombcf 
(3f b9xm^ 

Dttl« of UKumUofL 

tovi— .. 

13 

JiUjr», Afir. 25, SepL Ocl. A9, Hii*. IS!w iifUi Jm- tX FiM. 1, 

B. Aiv, fl, ytmf Junfe lVt2. 

Frtfim. .. . .. 

tin 

JhII^X 3d, Aiw. im 2-M^;ai*L IS,3X ttel. 13;J. ^ WU; 

Jua. 4^ 23, F^.A, 3)1^ Mv. Apf. H, Ua]: 9, Tiain «,3T, litt. 

a^TPUDlT-^— - -- - > ■ 

41tf 

July t, JU M. as, Anf. 1, S, »,}«,», Snpl. U; It. ag^ Oct, S, Ut, IT, 
ai, Xcv. T, l-l, Die. li, 13, IB, mi! Jut. 3,t; Uk ai. Fab, •, 

l3,aibzr.llcr.JS, la, ■»,». Aitr.9,4. l1ltSl,3lltB»y T,IS,»,3itJuDa 

s, u,», 3s, int. 

QAW 

ImimL 

c2a 

Tuly ArAitt.#!»,»,», Birpt.3;U,13,»,](VOilt. 

»>•«». i. ii,is.at,D«Li,B,u.ZT, um; Jin. B,u,3u,a;,f«». 3 , 111 . 
17.14, Ibr. 3;9, lil,ai,»,Apr.«l. 11,10.17, iky 4. tl,Jt|,36,luiiB J,H, 

□me#... .. 

IV 

Jfll> Xd^H^, flepi. IT^Khiv. 7, D«L3ti,UlJi; Jifi.1!?, F«b.3>, li«r^ 
27j, Apir, SdfMajSp Juna 37^ 1012. 

OmJfeiiLida 


Tii|y».Auc.3t,Sq*1.3S,Xgr,«, 1»||; Jui.l(lvF<ti.34,Aiif,mJimi 

fLaiL.„ ... 

d 

Am. lAp Not, iDplBll- /«&. 10^ Apr. 1,1*12. 

BwidiinL.-. 

T 

^i^j.-3T,SQ|il.2Vp Not. 13,1*11: /■», 30; Fob.H Apr.TC, JtdH23p lala. 


»v 

laly Up T, tkt. H, U*n. d, mh Jml 10, F*b. 7, 

Mm-. C, Apt. *, liar X funi 5, ISK. 

lJa4ii^... .. 

3S 

loljrl.lS, Aiic.5, la, Bb|i 4. 2, lH.Hp Qui. 1#^33, 3VpN«, 1«,2S, till: 
Jui. XMh Mi Feb. lT,3i, Mw. 9, U; 23, W, At^r. U, H, lllLl^ *, 
Jiuu 8.10,22,1912. 

iyyy„_..,..„„. 

Sd 

JflJy 51, A?j^ S, S»pt. 2pSI, OeCp JXKqv, Up2S, 191lj Jbl 13, F#b. 3, 
J4iir,9r Apr. X l£ax 4, Up Jeo» B,30, 1013, 

__ 

A 

jBJr^.Ai3|^31,i^30,NQr.39p UU: », Fob. HOp Apr.Jum 

19IJ, 

. 

m 

JnljSI^ 37, Ofl*. OQ, Dfc. ft, loU: jw_l3. Fab. 

21. 

-.-,-r. 

4 

Bf-jA, ftp lilM Fislit. 3$, Mv. 27, Juiu 27,10^2. 

__ 

A 

7iiif 7T, Pfapi, ftp Kar, U, mx Fob. 2^ Jiuui37^ 1912. 

Ii»an£i» lLLfir|,iu>i^.... 

i 

Sffv. ujii: jtfttuss. loii 

M4lMtuli4,. . . . 

e 

Am. IP, Nat. JD, l*l|;2atab IP, Apr. 1,2S, Jnw 1, ]gii!t 

ItaEladL 

■ 

Ah*, KflX. JO, lOlMi>£i. Id; Apr l,ft, Juiw 1, Wit 

HwUniiETt/.. .. 

3 

Ner. Up HIM Frfj. ft, Xiiu ZJ,. lait 

HfiUJ,..*.. ... 

3 

S?lPt. a, I9JJ; Feb. 24^ WJ3, 

ttfiltetaiidi.... 

31 

J«ly ll.ft, Aut ftp IV, Ort_ 17. ^*gr. It. a, lioc, 19, ivil: JjML A 

30, Feb. 27, HAr. 12, ai, Ape. f,May 7, Jmi* t. 53, lilt 

N«rtiifE£iiUAikl.. ... . 

3 

JttCL iDp Apr. It H^^3; 


33 

Jiilj ao. Am; 33, flapL 21, tirt. ft, K&t. a, Dw, 3J, jam Jun. 

Feb. U, *M. m, Apr. ft, lUy MJ; J™ ft, Uli 

NivZcflluML......^^. 

3A 

Jttljft, Auf. ftpllepi.2|, Qet.ft, Ncr. 25, I>ht. 91, UlM Jb^. St, Fek 
15, AUf. 30p Apr. ft, Ma j 20, iam ftp ftH 

. 

fi 

Am.ft, Arpt,2t JBIM Jm. Jib Fak M,2aa«33,1912. 

. 

32t 

Mf ft, Am^ ftp Sept. ITp 0«. ja. Not. Id, Die. ft* KHIj Juil ft, 
Feb. ft, Aier. U, Apr. ii. May ft, Jufioftp 19lt 


A 

Ad«. ftp Not* ft. ISIl, Jut. ft, Apr. l,ft, Juu J, ft12 

I^XlUflLA,.... 

3 

Nov. IX ftlli Feb. 2i, June 31, l*lt 

... 


Aaf„ ax. Nor. tVtt June tr, 1011 , 

Pmi.... 

Ml 

JulX Wp AiifL U.,Aetii.ft; Urt. U,N«r ±9p P«,97. iWlj JiaLft, ftt 
ft, JtftT. 93, Apr. 22, Unf 33, Jufw 53, ISlt 


J« 

July U, Ap^si^effpft.s;, Ikt ft, Nwv, Id, Pw. ftp I91L; Jul ft, Feb* 
ft* ICaf. Up Apr. ft May ftp. June ftp 1012. 

.. 

B 

Am. ft Hst. ft ftit 1*0- ft Ape. t»p JuiH t lait 
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v/ mji pi fHfued. 


CiritttO'- 

Nmnlwr, 

of awinBlnJoiL 

Qubfiaikud. «. .,... 

21 

Jttfx ?fl, AUff, 5J, ^.aip otA- ail, Knr. zs, i>A±.ai, ini; 4uLai,r«a 

1 }&^ Udj-, 30^ Ajir. 30^ Max J°a» 2t3^ iiJl 


SI 

Nov.Tp mtt lOp mjUjmt TT, 101^ 

Kania-... 


Awt 7,0^. ^ Xejtt, n, Oap, 7p lHU- Jtn. ll* Feb. S, 

Mu. 7» A|^. 1, Mmj Ip 30,1913. 


7 

ALiji:.S,eirpl.2lkNgr. S9pl9m Joe. »p Feb. 24, Ajif, 5fl, iut* 2J, UHX 

Stoto 

i 

Sep[.3il,UlL 

Servi*— 


Atic.S. Nov, 7p lAil; Jut. 34, Mar T, Juu 37, lOlll. 

fltU].. 

10 

Jiiix39^0ct. lO.Ncrr. 1,13«c. », mi: Jea Uu-33r Apr. 311^ 

&iul]] ^ ixiiinilii. .. _.. — 

10 

Ju^ 20p Auit.^,Bep[.tl, 0<?t. 3^ N«v. Ifip Stoe. 31, mi: Ub. 

tfi. Mm. 30,Afr. »p IDIX 

J9{iMn. ... 

Ml 

juIX Atj«.lS,Se|i4- Oat, Kp Ner. mJi Jul tl, Feb.^ Mv. 
9, .ipr. UAy 4p Juu ipZIp IHIA 

.. .. . .... 


July ta, AUg. 4. Sflpl. T* Otfl, fl, Nev, 11, Oftf, ^ MaU U. FeU. a. 

Mu, 7, Apt, 4, Urif 1)4 Juiu 1, Mil. 

iTlifnrkndl ..... . 

1 


Jalr ftp £9p Aag. so, »p Sopt. 3s, OvX. 14, Kdt. 4.39, 14, lail; 

Jnji. ft^37p Kftb. lA Mu. lAAQ^ Apr. 27, iU^ 19, Jutu ^ 1912. 

. 

« 

Nor. 3p mi; Feb. ISlA 

_ 

W 

LM, », ^^JV, r, 1911; Jffl. 9, Apr, t7, lUJJ, 

TrojULTBikl._ 

lU 

luir 27p Aur. 29^ Sepl. ZHp 7, 191 e im- 31, r^tr. 24, Mu. 27^ Apr^ 

XM»'r33,JiiiiflS, 1113. 

Trtiifdiiit... 

4 

Aur. mi; Jim- 30, Mu. 27, JimeTT, IDOL 

'lurkfT—— __ P 


Adv. Nor?. 3p I9tl; Jkel il, Feb. 39, Mu. Sft, Apr. 20, Mej 21,1913. 

Cmiiiai?.—_ 

10 .1 

! 

i Jutx li, Aut iUSept-SOr Oct 37^K&v. 2J, n«. 27, lOlJ; Jm. 30, FebL 
' SOp Mu. 23, Apr. Juu 3* 

ViMia^ta_r.,.,..... 

14 

Atijf, SI, Nov.tl, mil, ». Fflfe, ^p Apr, zr, Mkj 23 , Juna 

23»19I2. 

VMfflii.. . „ 

AS 

JiilFai,Ang. 22,BflpI. 21p Ort. 2ft, Nor. 2Ap Dk. ?U 34, 

U, Mu, ai, Apr, M, Maj 3&, JiwSO, loja. 

W«4ir^ . 

w 

Jbl733p a, Atir. ft, Sept.. 2,3, Ckt. 7, Zip 30, Dec. tft, till; Jon. b, 

1 Sl^ Mu. 1ft, Apr. 37, Uj^ Lftp mis. 


For some yeuriia. tho Institiitioii hna liocii srndiu^ ftill seta of gov¬ 
ernments) dtxjiuujerittf U> Cap« Colony stiil ilie Tmriwaiit juiJ 
sots to Nats) Slid tlio Orange liivtr Colony. In May, 1912. a com¬ 
mon ir at ion wajs receivcfl fmni I be Secretaiy for ibe interior of the 
Union of South Africa stating that since these Goreniments have 
now licoome Provinces of the Union, only one set of the publications 
would in future Im required. In aocontance with this request^ the 
forw^arding of ofiicial documents to tiio above-menlioneJ Provinces 
was liiseonlijiued? and one full Legjimiug with Ik>s 133, h 

now transnutted to the Union of SontJi Africa, addressed to the 
SwTretary for tlie Interior^ care of the tiovernnicni Printer, Pretorin, 
Packages containing scientific imd literaiy pubtications received 
from individuals and establishments in tJie United-States for trnns- 
mission tbroiigb tiic E?£changc iServlee to mbcellaneDUs addresses 
in the various Pi'oviiicej of tlie Untun of SouLii Africa are now for- 
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wurded to governmental csinblishinenta in those ProTiaces 

for dUtribuUpn. The department of the Inierior of that s^auntry 
lifts been u^ked to undertake the distribution and ako to forward 
to the United States such hooks as may be sent in return—the de- 
paitment acting in the same capacity for the Union of South Africa 
flfi thb Exchange Service does for the United States, 

Tlirotigli Uio wrecking of the steauudiip Papaam^ the IiLStitution 
lost ufljses in and 139, cojitaining exchanges for distribution in West¬ 
ern Australta by the labile Library at Perth, A number of pack¬ 
ages sent in rare of tbc director general of f=tores^ India Oflice^ Ijon- 
don, were also lost at l^ea during the year, owing to the stranding 
of the ^stcann r by which they were Iwing transmitted to Indio. It is 
gratifying to stale that the Institution bos succeeded in prcK-uring 
fnHii tlie sendera copies of moat of tlic lost piiblicatmiisj w"liich liavo 
been diiJy trananiitted to their Aar ions destinationg. 

F01tF:iGN rH-n^,SJTOKlKS OF UMt'Kll STATED tU^VEKNAtENTAl* 

IIOULTMlirATS. 

The Fiuniber of sets of United Stales official publications regtilarly 
forwarded to foreigii countries in acwrdancft with treaty stipulntiofts 
and under the authority of the congressional resolutiona of Sfsreh 
imr, and Murch ISiOl, hm been reduced from 39 to 8G~one set 
instead of four now Ijoing forwarded to the Union of South Africa* 
to which reference is iiuide above. Thk reduet ion in the number of 
sets transmitted abroad will be only temjHjrary, as negotiations arc 
now underway looking to ttie establishment of new exchangea. 

The reeipienbi of tlie M full and S2 partial sets are us foUows: 

or mix am, 

ArgeaUnii: ^nalafuHo Ue Hiila^rlcraeii Extertorr^. IIiil*D 4M A3re& 

ArKentkikMi Itlblfutwa de la UnhereTtLid XacJonal thi |ji Plnut, 

Au^iiUa: LShniry of the Oimiei^iiw^lta Parliarn'Cmt. ^lelboarne* 

Aostrlii? K. K. ShitbrtJjKUi- tleutral CoamalsBloa. Vienna, 

BaUea: UnlTeca1UitH^BJbUet1iE4t, Frelbun?, 

Baviinu : EUnlgllelie Huf- imU StuHlfr-BIbUolUeb. MuuIcIl 
Belglion t m01lcith&qiie HoxaJo^ 

Bmail: lUbUotbt'eu Xaeional, lUo de Janeiro. 

UrtnaUa: Furllfiiaeiitiir? Lltirni^, Ottawa* 

nalln ; nujlloteea del Coni^roao XiLclounL SoatlEL^ 

CLSnn; Ami^rlrtm-eiitnL='i^ PnbUii^naa Exoluin^e TMmrtmout. Slumfituil Tiunam 
of Fqreljni AiTatrn, 

GtitoiubEa: BUiUotmi XaeionaL llojpcan. 

emu fileiiE Olleltin de DenOslUj j Cnnje Intt^niiwluual ijy FtiLUcaeMnwa, Nan 

CXslin; ii^i^arlLi ile E3<l:aUo (Asaiitii^ f.rrnemk'H y InlenuiuEoiiak)^ 

Unbiiiai. 

la^iuimrk;^ lUbllutbekift, 
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Rnglnnd: "BiltljilJ Bluseum, liDniIiDn. 

Eiii;lfliKl: I^mlon Scimol of B^wikmoSi??! iintl i/mdran. 

rnjtic«: Blblbth+^io? XfiWwnalo, PoTlfl. 

Ftbuh?; FrffE?ctiire In I’aftit 

^^^?^man5■; B*rUiL 

CIrpetc: Blb1lott|^r|l|(^ Ath«iB, 

Haiti: Secr^lBlrerle dc* l^lfttSoijM E^tl^rkMirc^f^ Port tio I^rkin.'p. 

UnDj^rr: Hiioi^rfan uf rJolos^rntesi, BmlnpceL 

lodlci: HepnrtmoTit of Hrlircntloti | Books!) , Gnvminiont of InilSn, C4Jltriittn. 
Tivland r NntJoiuil Llbrafy of Irelnittl* nnWIn. 

Iialjr s BlbliotMML NueIoiuiId Vtttorlo Krniinitek\ 

Joptan: Imticriai Ltkmr^j' of JnjAn, TolO'O. 

MaultfVhci: PnH-ifiplnl LJbniry, WlnTitpiJi^h 

Mexico: Iftntltuto BlMlogrflnoa, BIblletcco Noclunalt Mexico, 

NelhcrlntMlw: tJbrory of tlio ^tetee cJB?fternl, Th^ HitffOC- 
Ncw South Willem: Bi'wint for IntomiiHoCLal tixeluiDgiw, i;rilii 03 r* 

Xcw ^ilntirl; Uonerttl AsBcnibly LIbinrj, WoHlngtoii. 
jiom-ay; Stortliifi^!^ Bibliotbi^k, CbrfPtInnIn. 

Oatniifi: I^joffisilntjTo IJtinir>% Toronto. 

Perti ! Hlbltoteen Xaclonol, l^fOutH 
POrttii^lT BibltoHiftm Xnclonul, 

Prtii$Klq: K^kilf;]lebi! Hkbllotbekp BcrlLkU 
QucbrnM Le^fllnllTC LlbnUT* Qirebffc. 

Qoecns^laiid; PnrUntnctitnf^ Llhrniy^ Erl^nstier 
Biiksla: Imperial PtibHc Titimr^v SL Pctenibiirif, 

Saxony: KCbilgllclie Oelfcutticbo Hlbllotbok,, Drrsrkn., 

Serrln: Eetrfclon AdiulTiIntmtlvo dn Xflnlatfire d-e? ileJTfmdft 

South AtLEtmlltt! PioTlIannecitarj- Librar>% AdpisHde, 

Epdiln : Ser\‘tcla Uol Cambio IntCFttaclorkiil de FtiblicuckiueB^ Onprpo PncultotlTo 
do Arthjierojt^ Blhllotecarlofi j ArqMefilo^B^ Madrid. 

Swetifu: Kabfrlli^i Blhhoickot, f^torkholm. 

Swltaterlnnd: BlhIloth$quc FL'd^mle, Dcmr. 
l^snuanla: l^rthitnesittUT XJbnir;}% Hobart. 

Turkey: Itepartrocnt of piibllc iDfltmctIcin* ConptfintJnnplo. 

Unlod of South jVfrbst s Depfik^Rsicnt of the lutedor, ProtoHo, Tmom-nei 
Urofraay: Oddea de Canjo Inlemnclotifil de I'tibHcinzlohc?^ Moolfn ldiMSL 
VeUGKnolft: Blbllotocfi NiicLoonU CardcaSL 
Tleicirla: Public Ubraiy^ Mclbonmo. 

Weatem Aiurtrallo: Public LIbnrx of Weirtem Anscrraltfl, rcrth. 

WhittesiihciT^; Kdaigllche lJiiKle«l»lbHntUek, Stuttptfrt. 

nETOflrroRixH or rAirrtAb Skre, 

Alberta: I^alatlrc Ubrary, EdmfMiton, 

Abmce-lrfsrrnltio: K, MlnLBlerluni fQr ElftHBS-Ifltbrlttjo^ij^ StrassEniri* 

BoUvIa : Mlnisitarla do Coionlxncldli j Aj^rlculttffii, iJi Pan, 

BTetnon: Senat^kommlNrlon fflt Bidchs- utul Auierlitlgo An^lf^nb^ltcn. 

Rrlrtefti Columbln: Ijefftsrlntlro Libra ry* ^"IctoriL 
Bnl^rln: Mloisfcr of Foretjjti Affaire. Eofla. 
rcylrm: TTtiJte<1 Stuffs Connal, Colonibo, 

Ecuador £ Blbllotei^ Kaeloiml, Quito. 

iQf;ypl: BlMlotb^que EhfdUInlc, Calm 

GuatcmiilA: Secretary of the Corcmioent. Gunteun^ln, 
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Hambnnr^ SermlitftiHiiilEsiDR fir rflp RcJchP- und Allftwurtl;^ Ai4£elf^urtili«1tea, 
Hew: Gro^enw^tplie Kctf-BJIiHc^tliek, DnrmEtJidt. 

HoiHlntuR: E&CTcttLTS of tM Oovcminefi^ Tefuclgntr«. 
jrnninlen: Golonlfll K&^riciAiTt Klnptton. 

IJberlp: IiepctrUiurot Outfit MonritTln, 

I^itirwico ^TfininGz: GfirenmiJimr IJbmiy, lioiirvnco Mnffiijoa. 

MiiTl:^; Men^enBnt GoTomorp ValPltj^ 

Mcrt1teiieiri>: Mlnlfltfre d« AmilJV« Olltije. 

New BninRwtek! i^is^nliTe Freilarletan. 

NirwfotktulIatkKl £ Colcjnlai &eett»tnry+ SL Johti'^Bw 

NTraiTii|?iiA; Ropoflnffii^rnte de ArtHiIvtifl Nncfoniklej^ ^rnnnirctfl. 

Nortliwest TerrJtorlen; Clo'rflrffitDent Jillirnr?* HegiSnf^. 

Nora Scotia: IhovLndal ^rornty of Noi‘ii Beotia, Halifax, 
ratiama: Bcorctsirln ilo Itolac2on<9i Exlerifirii^H, ranuttia, 

’Ppmsnoy: Ofletnw Gcoerol de InmE»rriH<mi AmincIoiL 
Prloct? Edwan} Ifllnml: Llbrnry, Omrlottin'rni]. 

Eonnirtnla: Aettdomla I^otoaoa. Bucnro^l, 

Batrudor: Mlnlnterlo do HelaoEritie* Extorlii^rt^ Sun JRAlriidor, 

Slam: rximrlTaont of ForoEgti AfTalrR, ItuTk^ok. 

Btniirfl l^tlrmcntn: Colonial BiTirlnry, SltiKniwro. 

tJnltwI ProrlTicw of Agm nnd Omlli; Vn^r Hecretary to Gotomnir^t Alla^ 
liabid. 

Vlettmi: Un runnel Ntar dcr HAttfit- uii4 ice&ldcms^BLndt 

Ko countries were added during the year to the list of those wiih 
which thfl iinnipdiate exchange of ollicia] parliamenlaiy jotimala ts 
carried on. liVhile the number of eoimtries «t present taking part 
in this c.\change with the United States is 129, the total number of 
copies of the Congressional Bword transmitted is 3^i-^2 copies Iwing 
sent to wme of the countries, 1 to the upper and J to the lower fTouM 
of PartianienL 

The Uccords nne reoeired from the Government Printing Office on 
the morning following the date of their issue. They arc at once 
placed in envelopes and fonrarrled to their destinutiona by mall. 

A complete list of coiintrids to which the CongressionaJ Record is 
now sent I's given below: 


AujLrano. 

Anntria. 

Barfcn. 

B&tjfttliTt. 

BraKiL 

OmriJirL 

Cuba. 

Dcotiiaffc 


Or^iut Briuiin. 

Giiatcmaln. 

Bimitnmta, 

Haiignry^ 

Italy. 

Npw aoiitli WnteiL 
NV'w ^ In nil 
Ptirfujeuj. 
rncBsiL 


Bcui mania. 

Hiuvla, 

Siifllf], 

Swlnseriacd* 

TYniiHvuJil. 

Uultm of Bntith Africa. 
ITrairnny. 

Wewpm AuDintllu, 
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LIST or HI71UU9 OP ACT^Cjm TtltlClt^ir WHK-il ETCTTAXaSt A«C TlAlJfBlIlTrnJ, 

The ffillowini; Sh a ilBt of bureaus or ihretiirli wtilcli tJie dlfitrlbtitron 

of cXi!bnD|reH 1 r elTwttML Thone jg nvd nuitiy In tbo fonnlier eriuntrlee 

fonraitl to the Rmlihiiniihici in rettirn. centribntlaaB for dSfftrmotlQU 

lu tlio TJoited Sliitca* 

AlgerlJi, \iA Fwnci* 

An|f-^)n, ^la PortugAl 

AJffeulInji: Comtsiftn pTmteetorn dr BlbUolecati Pcrpiilureii JtrcorHjtiitfita 
RtictJOJ^ Aim. 

Atpfttrtii T K. K. atJ 3 tlsrliir 1 io CeDtinI-ConiiiilfflTou+ Yiennu. 

Aeoitp^ Tip PotlTuml. 

Serrlrr Brlijr dr« licIipnFn* Intrrrpnltcuuiiilc, Ituo du Mii^ llnw- 

BelA. 

BoRtIji: O&’Clna Kaclomil dc l^ULdfEitSeu, Iji Prx 

BmiU; gervt^ tie Pemiulat^lcs iDiimuiclonAf^, Bfbllothrcn NAcloiml. lOo ifc 
Janeiro. 

BrUhth Coloalric^ Crown Aki*4ii» for tbe CoIodLo; LoodouA 

BrUish OuMnn: Boryal AtfrScnUiiral and Cooimrrclal r^eoritelowo. 

BrUifili iToudiinm ; Colaai*! f^eerrtftrr^ Bel lie. 

[pstltiinpiift do K. SL lo Rnl RolgaHo, 

Cnnary felpndK, tIfi Rpnin. 

Cape Calony: GoTcmnient staUonery Boimrtincnt, Cape Town. 

Chile: ReTTirlo do Canjes. Interoaclonaloft, BlbUoteca Naclonal^ l^anLlni^d, 
Chlnji: ^‘ka-wet OhsHrmtory^ ShanshaL 

Cotontbla: Odolna do Canjes Jntemaelftiialeft f Heparto, BlbHoteca >"arioTipT, 
Bogota. 

Coata Rico.: Q^lna do Dopdslto y Oinje Tntemftclonnl ile PublicficlosniTSp isan 

Joftt. 

Denmark : Kouj^eltge Dannko YMoivHknhoniea SelMtahr CopmJuigrfi, 

Dtiteb fiiilann : SorlnnaoiKobe KoTonLnle Blbllotlicek. Parjunnrllio. 

ISetintlor: ^flnialrrlD do BeTaeJon<!*i Eiiorlopcs, Quito. 

Egyjrt: Dlrertnr-Ck'ftrrat, Stiney D^rtmeiit Gliti Ofudfiin). 

Fin&H!: Serrire rrabeniii ESehangra TntfrnntjunMu:!, Riio do lirouello, 
PhtEb. 

G+MTcanji AmorflcrtJmftitttt. Berlin. N. W. 7. 

flreal Britain nud Jretximl: Measrs. Wllllnm WrflTey & fhjn^ F4 «sm Street, 
Stmnd+ I/3CidntL 

Groeon: Blbtlothequo Xntlonale, Atbons. 

GreeuIjiDd^ via EJenmark- 
Gtuidt^lotipt^ via France, 

Gi:riit€^mabi: Im^utito J^acionnl tie Vnn?ti«pT Gnoittnnla. 

Gulniia. tia Portugal- 

Dniti; Secretaire iPEtat dcj^ Rolatlons E^tf-rlenres, Fort ru Frfnce. 

Hotidurujft: Blhlloteca Xadunnl, Tt^clgRlpa." 

Hunpaiy*: Dr. JhIIob Pllcler, Munldiml Cfto of StatlallcB, City TlaM, Budapeirt- 
IcetODd. via Denmark. 

India! India Store r>fTwiTttniMitK India Omce* Lonttan. 

IlaJyj UfllcJD degtl Rcambl Intemaiilonnll, BlbTlotrcn Xnilonnle Vllforlo Fnuin- 
uele^ Jtome. 


i-Tlil* iwlJiMl !■ ctaplerrd tor MfBffltiffl[fatity* «lift fc-erraT of llac Brillnb eolonlri with 
wblcb bo> medium !■ aTalljblc for forwardUka direct- 






AJ- SUAL HETOBT SMtTIlSOSlAX rxSTJTDTlOS, I&L>. 


Jftniflloi : riirtlmtf of Jamat™, Rh,g»ton. 

Ulxrl..: liirtlSlI S«'«l. 

i=: 

>(ii«tiipiiHiir, vlfl Pmim. 

MntlislM, Tin PortusaL 

ATohieniipx) i IflnlBtOro dra ^ 

SfHtfll; Mijsh Gbnuuleslundr fur tiw i’..i ^ < 

Xetberlan<J«; Biireuu Stlmtlnoiu* Afflm. rjinilmn* 

frenUiii. Uydea. ^ Cwitml Xiteriaiuinla, »||,||„(jje(,u„ 

XeiF GoJafa. via XotherlandB. 

Pabtl. Si-Oarr. 

c.“isrr;,“srr«.T^™ ■sL.r-’^"' 

r^vr^ia. BcuTti of P^tip^rc.^ E^terJorwi, Asu&c/ofj, 

f'era: Oliciaa do n^o/nJClt? 

Mlaijncpio tlo Fujuans, I.itai; ^ *Jc Pulilrcptione^ 

BlWiotlietti .Vavio,„j, , 
‘•‘K^matlo.ai.w. UlhliotiiA„ja fa. 

S:.[sr 

4«l«ifii: Stn-lvlo ,Uf[ AiietraJia. AdvIiihJe. 

Tiirht’j'i AjnGrlcai} BonM af i 

town, Itofbadoa ’ I>epartnicoi «f Aerrculturo, HrldKo. 
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Tah^e tkotpit^r the «iititt^ of iaHitmtionM an^ indirUXtioU in foreign vouniricM 
In fchIcA pockagcit were ihrmigh ihe fntemati^nat B^httngo 
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AlT^nJAL liKt-OBT SMITHSONIAN tKSTITUnON^ l&IZ, 
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Appendix 4, 

BEPOBT os the SATION.VL ZOOLOGICAL PAKK. 

K™ " t a mpoi-t of the oneni. 

JU™ 30 , IS'a Zoologicl Part for th. Sod y™ oJdios 

“» taprovomoot 

r^-t *ho pHrk dTirmg tliat year tvju $100,000. Tlw 

thl of t"hr„rmoteriaJly in^sed over 
of for^™ year mainly heuaase of tlie advance in prices 

nmounT^'to^nr?’' W wpenditnre for which 

jwnsotion of employees, bat mtliing to correspond with the creat 

-tara.* ». tic cd of li,i„E „t,icl, ho, occrxcddorlog Kcoo' 

Atx:Eft3ioxa. 

important were 2 elephant seals and 4 norths 
^ ft,r ^Is from the United States Bnreau of Fisheries 8 whit, 

YellTwtonrY^r"*'?*?^ f"' oeUng superintendent of tlm 

lellowrionc ^atn>nal l*nrk, and u pair of .Vmerican tapire which 

T iP^ ^ received in exchange, ns noted below 

' the iJictiided about 35 species not aJreaX represented in 

the ooll^tion. Mammals and birds bom and hatched number^ 108 
jnd inclnded .Imenean tapir, yak, .Vm^rican bison, hameS atJf 

EXCH.VNQE8. 

The mr^ important accession from this source was a shinniPot r. 


n 



I 


ASXUAL REPORT SSIETHSOSIAS 1SSITTLTil>S> UHLi. 

JJfEJIAiJi IN THE COLLECTION JUNE SO, W12. 

UAUMAI^. 


l^flfT-i laciiibcf 
Qr^a mank^^ 

trithmi) -- - -- -- 

SloBJi dif»l»kfF iHSfwU- 

EkK^ljf JWijEHliffj 

]S4»im«t mn nlci^ y iJ/dOirUff 4jJtlail>^-»- 
llkmue monkijj (MdHu-jf 

ri^-lA[[n3 m4El‘k«r (Mara€'4i# ntmcafri^ 

HtiJ^- — 

It^fnbB m^nkisT - 

JirowD jait&i|ae (MdOffniP 4n^riaid«f}„ 
lapmw HKinkef {JfDedcH fiiiiailajJ- 
TitTmaumn rfxk-im&i^’ac^ i^V- 

rTij fiEiA pgpTkH^i)- 

Mundrill -- 

Whitfi-llinHiM capochlD 094dKVF iCc- 

ha* A|r|wr^i!M4 > - - —— - 

11?nwii mmkft ffffifrPlw#t -^-,- 

UarxrK^t (IfnjHifs ^ 

nijer<«4 a^mur r4Hiij>— . 

Blue rnCEfd h'MUf (LwAnr ruffuj -- 

Tdliir bur (maHIlBiHtl - 

KurDl^tin hrom (CfriM — 

Koillat bfdtr (UmM ■» .... 

VftittitAt brif (ffrfiii --- 

J.liL0kiin brmrd bear (r^ftm 
Hrtirld tK*r Wr*itM 
Kldd^f** h^mj ^E/r^uf kidderill «:= 

UlDBhLTkb buj l!7rjiii tkfbfitaJioil- 

GiiulF bur mnmS ^nrlMlif 

Blaek bfidr (f ru# eidcrkufluivl - 

C^iUiiiiiim bur ^I7m» ttM^Hpanuil - 

Bldth bisir (JffiTiiriu ii.r*ri**i»1- * 

RtOkaJflu r{rdJlri:3l'iiii^u*| _ 

Ci^tjmbGr (BWAsrri*™* 

Qnf <iAd|Jii]iaDd1. . 

lUdccciOa fJVdcifiir* EeforJ^^.. - 

Amrrlum tHidfiw C7’'rfWeH ^ 

COtownB wkatM (JfcrMfl? wrpklficdJ- 
A!ii«^flril3 HiirtrB amrrkmuiK 

Fbibrr {H'uitrrbi ^ 

Ulok fPiffurtii* ieim} - - - 

ComfflOB fflrnst (.Pvtari^ — 

^birk-f-KJlrd fexTTt 

Am^rlcoH dtter t^tnadrm^ 

E^Wrrw dog ( * 

nicLECT <Ca>ita d^CPo^ ---- 

'•TBit «srtdiffdldn*) - 

Itldck wtAt {(?«#»(• 

Cafatr tPanff i;flrni4d>_w, --- 

WdOdtwFtnfl'* (CanAi frgjfr«rp_^ 

CralMiitlnjf dog (Cdili* fa*nrir«ri4|^^ 

Hril fot iV^fpM |MTiit*^rtr»te’yp1—- - 

Mwin fox (FaFpei - 

AjcUC foa (rulpr* Jaflfliwiy— --— 

Oraj f« frnjfliw'* 

etrlp«d bjettfl li/Kmi — 


I 

4 

4 

27 

3 

1 

4 

1 

1 

} 

1 

•* 

1 

] 

3 
1 

I 

4 

3 

1 

1 

1 
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IT 

3 
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1 
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1 


Afrleid pasra dTBt (rirrr?fl *fpflrffl.i— t 

t'ltmnidD gml (fJiMlBlfa 2 

fiudan llw (FrJii --— 3 

KilbnaHjATO Hao iFrIJj JCo *aI5paHfffc- 

*14 ---—.. 

TlgHT (Peril irpntij^-^ --—— 

CiHauBf (Frf£a ^ifffpMfiiJf# ftlppoJtfjfri l _ 

JdgEmr ^Frlfi -- 

3lpXlfan Ji|!T3ar pFrlf* ^dlrfjUflnO- 

Lffifiard ^F^ll* pUAfuil -w,- 

iGaek Icapard jHirrfiii^--— 

S«rTml (Pffll* '■criBfi^-^--- 

Ocelot fFfJbi Jimfdli4^_^_— 

t^nnadA Ijm IXvju c*iiadci**i*>.- 

BkF tlfftF nffiMl-■ 

Sfpotin] lyna ffid/vtj ni/Ni rrmtiii.t 
Ptorlda Ijn* CIhPA4 ™|»i pflrtdeBMl- 
StT'lliTr'k vcfl llofl C l-'lrmcldptiii iPrJIrflp-, 
■TAllfanilA tmd llab iS^lapha* mU/h^I- 


S 

i 

1 

] 

1 

n 

1 

1 

1 

1 

b 

tfV 

I 

1 


N^ortbifm fot Mkl CCrurialdHa alaicvnd) . 
HijLrbQr sui (Pkflwt Hryii*»>- 
Fei iittiUTel (fieiarii n*tf<r). 

Wei-tem ftfX aquirreE (jPcfarmi fflda^ 

rlc^PHe ----— 

Gnij squirrel i^dwrai narofliir^li 3 —. 
tlUtk Hinlnnel (l?HU«ni4> . 

xilblao iK|i;i|iTel (irelunri car^iinarHari)^ 
Faunliid milStnM -- 

Pnlrir dot (Citomt" ludotiWiiiiiu)— 
WoodrLilich , 

Alblnciii WDiodcliiack Elrelomvp nenOr). 
Bltfk fruedchock EArrrciinf* monu)-. 
AlttEnc- ItArmat (ArrfOMg* 

bMrrr (Cwlfer rgnadciMii J^ 
tjojpo lUpDcgfler 

ifBtl4i'<4Deii (Copm* jri ptEoHdeiji - 

Indkii jTditupyne tllifttri^ 

Ueilcui: apratl I JDwrjrprochi mer^ 

AUHl - - - . , --- 

Aufm'a agiHili (Duifprvrfd tKsm> 
Cruled a^atl I Dcrapprorfa rriilafaV- 
ttalfT^rUdllM^ ttgoaEl IfPupproold 

prr^paiilutiipbHa ^____ 

VArm iC^fAjpCiipi paOd>^ ,,, — 

t^UlEVr^ plq (Cfliitit e«irl#H| - - 

FatkttT7hliin cary imUrhciU para- 

ironies) _ 

Dooluiic nbbll ILepu* rvHiralifc*)_ 

Cape bjmi I^Vtiotiefa raprailij.- 

iTvdtiln pIrpIjAHI fAlrpftdi 
Butfllnii tnplr (TPpirtiJ 
iJrerj'a wtbn (F^awr 
1£r±ira-do3akej hjbrld (Jf^unr prec^- 

MtniLt)--- — 

Gtntirg iefrf* I F^uy* bifrr?|flf| jT^eeM). 
CftUnTedl peecntj |D£fvr||l«f Mj|M- 

1?^1ld liflBr (Fit# im/B) -- - 

Xortbem Wart luv {PhacMkrm* afri>^ 

] - -____ 

illppopoUiQEii llffppepDldJitvi am- 

I pkl^>^___—_ _ 
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J-nriwlff fft c?KF7«^ton 


OqtllRCii ilnmii AtiamcAwil -- 21 

Lilia* (LlPiia ^ 

Aifutri Ci^PMfl S 

Vlanni Cnt-^o fffKfpwfll.—-- 2 

iUctriia cmntjl Aue^i^iiiri i- S 

Hilntjii= (Cirnfii i*TVHC>^>[r)--- 1 

^lalfir dm (Crrrirt ar^ f0<frill > 2 

Jf^JiJIllipSfle 4«!^r (//Crrw jFAIHi^ptiinJ— 1 

Qttr {Ct*tv* iiOrcl"«il---^^- 4 

BjumlDcha dwr irer^L'iii 10 

AiJj *M!r (CmriH —.-_ ^ 

jip^anm ik<r iCita^--— lo 

nra fctwf fi?ertvi iidpAiij-ft 

Acnrricaii ilk (Crmi T 

Fillow JetT (f^frrM ft 

lUfEiniipfir (WflttO'l/fr ldra*4-l*J- 1 

^li^tnEa de€r (Offoetillm rin^tkfUM hi ]l - ft 

Alul^ dL4<r (ODlifallriyi Arirlwiii#) ^==z,- 4^ 

CfrlUI&tinD dftf El^doc«4- 

Iffiii cDfutfFAferHHi) —_— 1 

Cah&si d«rr lOdo&HItmt ijp^}—— 1 

f^i^p^'kain iidtirlui^ (Anffli^pivi 

dmn'lrqnci) - — 1 

CAka'v Imzleb^frJt eokdi.^,^ 2 

BaoEcbok li[>dMjlittMi 1 

ll^apnofiimr alblJfi^Ai>-^.^^ 1 

WhlE^tiJlAd liia <CoRii«K'h4'lci 1 

t^etiAUL intir buck iGo^u 1 


^r^pcaq blicktilrd iUmla «icFila^__ 1 

Hrawu thfiiihcf ir^T^oilondr n^fwiiK- I 

JipuLEH roliln (Liv ihrit Eulriu > - - 12 

WklhM!i3Ccl(r4 bulbul (f^nh'iofiufui 

-a 

ftlack EiTilbial (PiprjiQnDlHi iviiHrwii--- 3 

T.4iti|E;]]lnR tbruiL {tHirwIvj Icu^ 

fffjiAHjj , ^ ^ - -- , - ... 3 

BEibU]i flu^li i rtiRp3j7M rplprv|^Hi]|__ 4 

Orujiv-cticckcd HTUxblU li'ifrcUj mtt- 
psiifl) -- ft 


Aluidurndc CLUCh ^fifrfFda 0«aiid«ifu I ^ 4 

CorAuit^hLi^u <|fjlrr7d4 phfrifrillii _— ^ 

flacb (SUcJ-w^lCi/rlA^fl4fda)^ 10 

C4[-llLr<iNiC ftucli MNiddlnu /ajfliala|i _ 11 

Zebra fkach rAMidCNu mifinfilli 
BJ nck-bflRited dueh C JFvi^ ulr^cfFliiTo 1 . II 
^m^oloned Oucb (Ifirila jnulaccs>^^ 7 

IVliUe-ttfidfd ftuch (UkafU Ma^) - - ft 

flucb IlfuiFs FHkCfiil4nbJ|i». 0 
JlTM ipKFFOw miaiA aJ^rl^CraI ..... 14 

WkLl4 Jav* ipomw I if trjfii raru > _ 1& 

Clmtnut ^ breaitHiMi nocii ||!4idc«ia 
cutfuncorAftFvx) ID 

PBFiwa acieit ff'ufpAIld cl«>cFd ^ % 

Ladr Ouald'i fioicli iPoiphtia popJdfiff)- I 
&#anlMl Jluck (llprrflfrFAIFti 
>ri|HiliKil W*!A.TVC ii’^r^mcl^na 1 / 111 )=^ 4 

MadasiJcar wftuvftr (/^audla 


mfraflr)---- S 

RmJ'bniiHl WHTcr (ftiicfra ipcild)—S 
Wturdali w«arcr lITMia jMiradijica^^- ID 
PilutiHl bUDtlnf If^iifJnfifl cirii)-1 


SO, 


ladiiLD afltcIPbf iArtiitr^pf em(eopra*f- 4 

XEJ|r&| (ilfrKlaFAuf Jruoo^^ftHiclij}—— 2 

CbUjCU b-HriLeffiFil aDtclap« (Tr^prlsFAiJ 

:^fiCkl — 2 

^lut Afrlcm eluLS (Ortui Atnuu pcl- 

f«riEiinf(iPiJ> -— --- 1 

Clmatciik (j^kpfCdF^ 2 

Takr (JJinllrupiu ^ 

CuEumDU goat ICaFni Almiil--9 

Ansoni Fftttt ^Oujma A 0^4)-— a 

Barbirf »lir4p (Of:-til Irdpefdph p|#> 12 

BirbidO* iib»p (Orli arl»^fniprfd- 

pAuiji_..__ IJ 

AUoA <4,144 dCprfillri^ It U- 1 

EttAi African buJfilo fJlv^clit kCw- 

Zk4ri] <Blhri Iddfror?, . _ . 4 

Yak I jPttTFAuiTHJ attfrnui ^ . 4 

AmcrJciui blHU <JQitoM «Jtii!f4aafliffF— II 

Ifaiff flnuaiilllo {£)4tkpii crltatu)__ 3 

WiilArwi tJfacrOftfii# roftHilia) 'A 

Bcuuclt'i wiklEibj (ifffi^rvFHJ rv/lc4llfi 

ihrflfirffi)_ I 

VOiEiula oftHumai COf^fftpAj/t MkrtP- 

pikltii- * 

C0IIlm^na T-HDbqt {PAafccJ^mvi mlibck' 


lied'CTMt^ cardiaal rPa-POurfa cachdE- 

tutdl—. —--— ]ft 

CEHnmiiik eanllaal (rHirtfinaila mrrfi'* 

--— - 1 

Siikla <9piniia 4 

Zuropcau goldAucb (C7'urLlHcltirlrj!7iai^^ 9 

YelEuir haminur lifii-L^rltri cdfi^aclld)- 1 

rpDtmaD H^niU'j' Ctinikar r^airfiUF^_ 

IJuni-t (JT.fiiOfB ^anijMjiQ) - - 4 

ItUtlAiaeb iPjrTTAylu nirdptr'i I...___ 10 

nwdnl orEali iZcfcnj coouilii rnj ]i __ 4 

Covblnl < JlciolArirt ufcr 1 

itirllad (JUt4dFr^io^bi 

£qroEt«au iurm <Cari-ii* 1 

Atncrlcin rav«D fCorijifi C 4 rpt afapa- 

fat) ___-_ 1 

CoffliQOQ crow iC’OrvTi* trurAKrrAFfi^ 

Oewb ja^ (.TflulAoum i 

IMilta-tb.rt>tt^ jar [ fmofFt) - 2 

Jilin Jir rr*rf#i4>,„_^^_ 4 

Aunrlcia ULarpli (PTcs pica Aid- 

roMfco)-._^__^__ I 

Bed-bllliHl BAgtiJ* occipl- 

iitili)_ 2 

nplUip cnnr ifiF^iaarliiaa fifrJCra)-,.- 2 

YrEEow tr^^t drrAiaiiJl^ 2 

Olant klungfLibrr ||lpdi)^_^.. I 

TdlbWbpciiivd t4k|H:ita (V?4J#pAajliw 

-- 3- 

SnEphur-ETHbed eOrkaEoo (CicHta* 
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AS HUAI- KEPOBT SMTTllSfJKlAS IS8TTTUTI0S, WliL 


.Infjmol* Ji'"'’ 3^0. WI£—CoDtlnii-Ml, 


WtiBte flwtaltoo flibtt)— 

f dH^rftuinlrr^a £0e:k4t.«l (Citir^lHd 

IrdlfH )--- — -- ■ ■ — ”-- 

ItftrflHTwl ttgmnopUi- 

Rou-aEn COCJtaliaq iCattaiuM n3«toi' 

fNWd> —- - - 

«Kkfttao iCsJifiW'riiMfciJi 

— *-■— - 

V«ll|aw ftOLt blue lniM?*w iAn$ luriiniK^ 

nfH) —- -— — -- 

Red j^UiK inflcn¥.' tAfa 

nwcwd)' —, -Tw— . — 

Hh 3 and btae tonefiW X^ra cAIoJ-ap- 

fi^sk ,- — 

gwn iPAtSW" {Am ttfJi tariff 1^- 

Kea I ,Vjr#for Hfl-tafeElii! - -, - 

Ue^nd wnuTW tCduu™ 

Caf«!iaa poraqiMl iCaaMrajMl* 

— - —- 

CnEAO parrot (ii«d^oiw hrd»rff|iABX4>- 
1 Pfftnur-wSftffiid aEnatan Ejl'W4i-s''rt£i •aiuJi' 

30«ki0l - - -- 

F^rtu 111 *^11 aroai^ LUtMLZtfad rll- 

luijali -.--.--^ -~ 

YeiloiralaotiJ Jared Bina^Mi fJEmaacHia 

arJEiroiii Ier4> — -- - - -- 

Telioit'ffoalL'd amaioa Miaa^oiia ftch- 

rucei^A^tla) -- "- ■ ^ ■ ' - - 

Yellvw-bc>ud«4 amuon <di*iiL.'Dnit lemfl 

^nfO- - — . . . - 

BMie-froalnj Atnastin iAm^atia w 

Um}- - - - —--■ 

rasa wral ^eore«|iAii pftfnr)- 
Datldad parrtkt^t (Ful^oriil* 
lloMlla parraki?.! iMnfv^rt^nt rriiP^ 

|>Te bird fJpwjiOrflti pufJorfaS— —-- 

<}TvrD (larrakpet (inrlmalMf - 

filtell parrakaat iUrfadn^irorwi 

-- 

draat hOford a#l (Ai^o rjfnjHfifliJeittiJ ^ 
boriUHj owl lltubo rlrdfiifnuiii 

nbdn^riefMi)- - - - 

l^^^rreeh omrl - ^ 

iiamd trtfl tfilri# torioi -——— 

BportiPir hiWh <Ffli» •fMfrrertitJiJ.. .- 
Bahl Mflii (ffuliffrrta fifi*f’r>nrpfcflfiiJ5i- 
AUjhan licilil Nt[rfe < IfoItarJ ni tdW- 

crpAfflu# oJflWiattii — ^- 

Ckildm enifle (-tidCla »-- 

J9£Hkn-tAU«^ «Kl* iT^rotAafii** Mom- 

Rtn^T CT4rftfrtfl*» 

Chlltu IU1|^» i(Hfanwttitt 

hnwt «n*- 

netB IJ - ---- - —-- 

R^^taHe^l bawlt iBulW 
B(«iid<wLiiii^ luiifk fB*tto piatinitf- 

r«i)-- -'- -" -—' 

VrttWBriiHt li*wk— - 

CunMn IfWirP*™* rtwIirsAJ- 

l^mwmjvf iai^tttu hirjidrMJ' - 


il ISD9—I'ont Inur A 

■& 1 Amrrlftia 


^odor f JiVrrOrS a m- 


^r^phUMl --- 


eollfortiU PonMr iOvmnam^ roUJor- 
nfoniit]! 


_3 


Grlffap Tuitupe fiflvAnll-- 2 

Claemttii vulhua EVHlIap- uiuaarHufl. 2 

E«3rpllan mlHirv (AeajjArti iKroi^Jt- 

r^rvAl 


3 

S 

t 

12 

I 

1 


Tnrkej tn3Uur« - 

iwack Tultian iCofhitriita #nfM»--~ 
Klnjff YHltllSW ^jml. ^ --W 

ItlajS dQT4> (CeJiiBilso pdlwwtrir^l - - 

Snow PUfMjn f C?oluMii4 fi^ooafllirl— 
tl^d-blUed pl^^ooB iCaimmkH ^clrui- 

frtjji — -.— 

MnndniiBps mnrmmfWl ^ 

rea^rful ijore I iSrupeliUi Iriia^uiFJa 3 ..■<■- 

Cape da« aiprm4t*y - —- 

|4llMHlrbrea0l4!d pli^MJQ fjpiMotJifttaa Ib- 
eQI»lCd!l' -rnr- — 

Victoria mWDBd Mj^b iQcar* 

. — . —i.- —-fc. - 

IHtrpltjCj riiatk pB/pKnu- 

COU l ,- - -- —- 

Ovstnl ciittiaww (Cm* fllrefarl-^ 

:Ufiijcaa cQMWaBW (Cnw - 

duurnuo'i cumaBow (C/air eA^ppiKiatl^ 
DBuWbl^n'fl eiarttfibir iCroM dan&rTB^ 

renll -——--—- 

WkbS furkej (Jif^ruaprii pni^gpare *11- 

retf H«) ---— - — 

Peafowl (porn frfirftfbiV - - 

jMbj^e fowl ?4joHai —^- — 

Reerei^a pbmiwat iPAdtldnBJ reet-etlS _ 
Qoldr^a phPAABnt (TltabMof^ra pfrtdl-- 
Silver phirafeAbt (fTaplOciiiitaP NpeThcH- 

ctiftl -- -* . 

Eiiref»«in qpflll (CBfwmt* rtiiii«iiaftfl_ 
IlLiajsarLRb paftrld^ (Perdl* pmHrf-l! — 

tWlfcWhit* fcafl»»* - 

Jdoubtalb narnM iCrmfttf* P^Cfci) .-- 

Hcalfd riiaaSfc (CflJllptpte 
CBliromlB *iaall (LopAortic MFCf^ratM^ 
^lasHiu (dpTfoapj: mottfr-caatv)- 

PuiT^te R«nta4le (Por|}Ainia partsf^y^ 
Itlflck-backed ewllljjalr fPOhpJlpWe wcl- 

aanfwil - - - -- 

MiarllblitktA pilUaala Ifcmemlif hibj^ 

f fflferMJ ^ ------—— 

Anurlean COot ^Pwlfco ajm^HfOBdi! - 

FitiElitIcafl rail CfJiViirOiaiiH iiBiEro|ti>_ 

CniBBScHi ru^Btbll (<?aHfflBiB crfil«f4l-w 

[>rmo1#el3e eninr f »lAreptrirfri rlfjo)^ 

CKiwbnl erane iMtoaiael — 

Saodbill crabc lOmr Biinrfraaa} 
Auairalltti eraw (Xlrai oufraJaiXpad}^ 
t^unipeaB ctau^ fOrtti 

Bama enpe (Onitf __ _ 

InUtall WW I* rratie (fJm* icircopicm um ^, 

Tbkk-kbrt <0?i#iea«ia* piriilloriBt) _ 

ititif (Jfdefiftn pHpiiO*|^.-.___ 

fi1ai:kH:r<viriHd iil^t hcran (ytrrfleqrBp 
hpEfi^W amlaj^ ____ 
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EKPOET or THE fiECHETASY. 

In fAet'flncciftm Jfim? iO. JSf2—ConOnuEd. 




tJttle blnA Ijeron <FJonWc I 

-- - 3 

ftttnt (Ei;ftUa wiwr^r/iiilRBl— 4 

llr^t whtiH iW^rofifioi 1 

bJyUk ln^ron — 3 

bCa^k-'^wncd li^roD 

Ct>CQii - -—— -— —- ^ 

BnalrbUI 2 

Bktcfn ElTBiaMrHJ tfBi^aftniaiJ - i 

Bla^ Bilfltk (C^wflito *ltf?**l ———-w^ 1 

tVhiti mt^fk (CfciMiiu - — 1 

}}ftf:ab£iu wiCfk ^ t 
WiH>4 Itib (Ifj>Ffprt* miifntnJMlU-w,^ 2 

SacTNl JliJ* fILti - -* 

WliltP Ibli (flJ-rtMi 22 

1141^4^ fpo*nhlII iAfiiia 1 

EcLftipcfliFi |!lllil]il3at[D (P^ilMpIrru# 

- 5 

MrtHtLffl'iHr crfjiii|i»>— 3 

Tfuncpctrr irurmB fcacclraiifiji'y— 1 

WhliiillDB JFWEm {Ol^^^r «icjTy iiib4iii«j>» 3 

HtfU miKnn -2 

Hlact Bmti C€llfBoi|j|T iflnil*>—— 3 

UnStQTJ 4 Di^ piQv^liilla > ,— 1 

TTLSli!' £a4^rr iXmU I(?aWii4 ttW' 

rAdMk_ _ _ — 2 

Wji JUltriBS tmJHliiek ( UrrtEfJW|^ff1MI 

afni4]l<f> .n.n„rr^--- , ir- ^ 

FntTOLift tlw^lTad( a Uritif rorl^llFM bt- 

wifiT),- 2 

EerptEan £Omir CCAuwInprJ^ tf-giTpfM- 

ritf>—- - 1 

tlnmt bfrnlcfft pfiTiHN>j(3ff.tlriT>_ 1 

CjaB44q it4ui« ^irnunlfl tiTKadm b* a.— ^ 

Hatcliln'i jpKiMip Cpi^nm f4ina«f c n^a# 
AHrcAlniB)_ 3 


leaser pdW 

Orv^t^r m.i>w tfoMv l^Apn AnvKrborcBP 
ilj|ni;f^]l- 

Anurlcdti. wtate-rmnttd (.UJkt 

altif/^4tt - 

CtifcBmit fiftOMfl CAfticr 

nr^^L^aded ddck ’{ITarCIa aRiFrA:iii 4 ti! 9 l<_ 

Wnwd tfnuk UiM ippftpd),--- 

MudAdn dack iD^mdr^M*m (#a/m+ 

-—- 

nt]lil[l ajiujtilifl -- - 

d«wk (^piifBfB Erj^prctfri]- 

Ittack dill* tAn^ fiitrrpri>„^.- 

Mdlldtd l-4fwr pTaliHra^Bit^kfril- 

AmeTlEnn whitfr pelioiii iPrriwflfliiui 

f^ylJUrurkpHtiAu) - - - , ■ ■ -- 

Eur&iH?An wUMe |Hillc4ii 

paiK^baJ4i]i — - 

pfdlmn tFelwaiiii* r$ptH4>- 

Brown jwliftiJl (FeliwaHHi ortWift' 

fuliil--— 

1llBck44t4?b>4 ifilll tnaHdif#>^_ 

IT#rr!aB STaSI Cllr^fP* aT/iLHfHfi«^- 

AHLflt^Q brerdnc Bnll |L4r^ oj^jfpjifa- 

ttu ---- 

L4u.|^hiiti; (iHlrK# l—-^-- 

FloHdk rdinaiiCKrua t (/'iMij4(ir(K^rdir<tlH‘a = 

|ji4 jlertilMiM}-- 

\rExJiiid liwUffiCiTIWl irAolffrwtfrtt* 

rla^ wfjirtfHB.O -- —- 

w»tpf turlM-j £AbHrsw 

!^ini.ll DJitdch faDiTjrlidQ^ 

pAnut^i)_- 

Cotntnnti caif»oi™TF (■OmadHP f*pl^ 

dfUi]--—— 

CuBIlBUn riiP* IftJwfi aiilprlenpa),^,- 

Ema CDroMurPi n^tn ApF^anilija j— 


EETOLEfl. 


AlliEnItir a A f fir mini J IH 


minti^ turtao iUhiti/t^mp* 4 

BlADiiiEJill-'tiiicIi: .terrapin <ifutBOEiolriMirJ 

IwaHjIrifi) ...r- % 

TnrwaMsl boX^L^rtobt frfifn- j 

B«tr> 0 

PAlntcd Ipn-ltiirtaEB {CflftifA orteotal^ 1 

ClujphEr turtle (XemBwairt poljlpA#- tiihjiIi- 1 

Dn-fimn titamJ t^rrcilae iTemimla rphlp- 

- —— --- * 

AJbelfuirlo lalOitid tqrtinIjMi (TepI'hiIo 

ra4!ffl4>--—--——-— * 

Alfl^t^r Hwrd I opMTiP ^pd p/a i pi > _ 1 
nctnird I IxAril a FAjrppAioina corm I ^ 3 

Gila moHPtcr (fMadertPO iMPperfiiPpi)^ P 

t^itoju floakjQ fOpAladifi^i erHtrarfp|». 1 

AlBiiiKiltda a,^Mflccfr4 ptiirfauPl2 
fJTffllBCTft l»a fltM cdpjCWelorJi-^-^^^-. 1 

AntllEaan bfip tUfi« ^-I 

CubAD trce-IPM a Horo fn — S 

llpraadLos adtlrf ^ f/eIrrst-'ea plafurAt^ 


fiJaeic piiakE fiy-ajp/'pi* ppjufnr4t|qtf^)-- 

CnarJi'Wblp PftPkr f J^immpan afiyrWp»>^ 
Oom auaka (C^afuber ipulidfui 
PipinE&aD 4^ijli*je|i KHiake 

rlrlltaflM^.---- 

GnptiQr BnakP fCI^MjMaidma oarvli 

ropiHTilf^ ^- 

jplDff aaake (PlafyajiAfi irtrlqilOTepiHifli ) - ~ 

Bull fifutit# IIVfynpAlP -- 

Teaaa cIlltkcD if)it» (OpACfcalpa cntlil- 

KInff uuLke {ailpIKlwif04 ptfiplqp j 

carlor fliiokc liTofirara iEr(il- 

l«P^----- 

Texu irator onnkv i^nfwtiu pr&rlpiv)- 
VfAtjtr moccnafti CJa^iltrtidpfl 

Cupptariiead ( lI □dJfni^Dii i^4l4r|ri;a)-^ 
IHattuBil mtllaiaialfje ^(.'rnifllo^ “^a- 

ppuutniD^- ——-- 

OADded nCttHinfiko (C^na I'4 Ip>b Mtrf- 
4f M \ ---- 


t 
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Girrs- 

Tlie follomng peinsons presented animals to tlie pork during tlie 
year: 

Mtre rmSMn Onpe Allison, Xew Brtlfonl. Maw,, n 1 jiaan nkoLiier, 

Vra. J. B. ABiMi, wlaeliesteT, V»., an uUilao sQdlmL 
Mr, D, It, Amlioay, Jf„ Wasliitigtoa, D. C« an nlllEator, 

Mr, Oacar K, Ba 3 jTui.rdr IVaBhlnstoo, D, CL, a lilacls mliar®. 

Mr. Aagast Rosek, Wflulilnetoii. D. 0., a rnaAiaa sqnlrrel- 

MaJ, H. W, Carpenter, U, E. M. 0„ ret, UcnyTllle, Vn., two Cuban iwirObA 

Mr, J. R lildy, Lfl(uud«sr, MoBt^. a woBtoni poreuplne, 

Dr. ama. W. tar, rreclwtele, MiL, a barred owl. 

Ur. W. H. Rraerf, jr.. VTaaliJustoii, D. C,, an alUpitor. 

Mr. VlctoT J. Brans. Wiublneton, D. 0„ two nutrmcwtta*. 

Mr, 'tVaUoH Kvaus, Oak l^rk, lU., n mtrdi. 

Mr. Gale, WasWaffion. D. CL, o homed I1*ard. 

Mr. W, B. S. Grub, Aabhnni. Va„ a eomninii mccaotL 

ilr. Jolin IW Henderwii. jr„ WaBblugton. D. C„ two toaituon cauarJe*. 

Mr, Holrnoe, washlnirtOD. D, CL, a ttFatnon pposBiiPJ. 

Mr*. Keawldo. Wnatlnston, D. C., a wowicliiiels. 

Mr. W. I*. Mattoott, WflsJiibglun, D. C,, a “Klaso i«n1w," 

Mr. r. A. StJUi^an, Waslitaffton. D. O, a eonajiiou cftimry. 

Ur. Rusaell ll. Milliard, New Turk Cltj. a pata. 

Mr, J. I*. Nftrrell, Ron DeposH, Md, two mpiietlicod siwltes, 

Mr. O. Sclmelder. Washltt^on, D. C,, two alllgatora 

D. A, Smltb A L. E, Deaton, WnUmllB, S, C„ a bittern. 

Mr. S, Stnbsherp;, BrtUlniore. Aid., w» alliputor, 

Mr. F, R. Ttnrls. WnstlnirtoB. D, C.. # eetmiion mbblt. 

Muiitcr Homee Wadsworth, WaHhlnitten. D, C„ a lore bird, 

Mr*. I* P, TVadtwortli, Waahinston, D. C.. two alllgaiops. 

Ur. Gcorffi! A. TVloo, waaUlnstoo, D. C., a wowlchuck. 

Mr. ThoioaB Zlpp, Raldmore, Md., stweo eojitterbead aaate*. 

railed States Bureau of neb«rli» two elephant seels nnil four northern fur 

‘rie Janitor, Balfour Apt„ WnahlngJon, D, C,, n e|iikrr«w towk. 

Unknown donors, a baro owl aud two allljpitoT*. 

ijoeses of animals. 

Tlie most importanl Sosaes were a^liou, woTverinet reindeer, and 
two nofthem fur seals from enteritis; a pair of elephant seals 
and a fm* seal from pneum™taT four prong-horn antelopes from 
malignant catarrh of nose and throat, and an Alaskan brown 
bear and a springbok from tuberculosis. A female tiger wbs killed 
because of ubnottual development of its shoulder. Quail disease 
was intrCHiuoed through a shipment of birds from the IrVest, but was 
isolated bo that very little los was occasioned. Dead animals to the 
immber of 190 specimens were transferred to the National ituacum. 
Autopsies were made as formerly by the Pathological Division of 
the Burean of Animal Industry', Department of Agriculture,* 

1 o-f drilih iTHKirtf^ tQ trt an folkrwat rnati>ntu, £4; i^trliliw ■*: 

l>: ctirfllJi f»iH romid Worm^ 41 bifrtJlItal eaccldlotLif t; quiU 
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TAPm im the NAtiuJfAL zooumical Park. 

ti:iffi!vliri‘<l !fin» lllii' M tw Eiwliqflii'i.l iim^lciip IHjpiwA w*. 
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C^CW StOKE OOILE-R HDU^E and ^AGNIME SHIjl* IN TN^ MATiDNaL ^DDLDGIEAL PaRK. 








nEPOBt of THE EECa^AJaY, 



QF THE COLLECTION: 
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ntnsiso tJic tulak , 

Jlei■elT^?d ffijED YeJIowHtoibe Nntliouil Pnrk_-- - — S 

Hoccli^ed in ijJtcImiiRe—- —— - — - — -7?i 
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VISITORS. 

The nuinber of visitors to the park during the year is estimuted 
at 543s7My l>eiiig u daily average of 1^4ST* The Inrgeat niiuiber in 
uJiy one month wns 95,455, in April, ISIS, an average per day of S,1S3* 

During the year there visited the park 142 achoob nnd dnss^ a 
total of 4,140 pupib* being n monthly averoge of 345. Besides tlio^ier \ 
from the District of Colmiabia and neighboring States there ivero J 
classes from Vermont* Massachusetts, New Yorkt and Tenneissee. 

iMPROVEarENTS, ^ 

The amount remit in ing from the appropriation after prtiTiding for ^ 
maintenancej was tmd mninly for im|irovements of a permanent 
character- The most iniporiant of tbese^ and one urgently iieeded^ 


4^ «in£^tivn qT lu-Oi^ lUf pis<tuiuQnl%, fS; tabvrculoal^ IS; pulaionvrj «d^iu« 
pEralrflt lELftaArtiufltJffiCi nf Imtp^ 1| 2t S; nutJfiuiLt cmlarrb of 

ftnil IbiooW 4t ^lAETb of 1; <vtkcc«llfm of llvETi, 5l mcnulv if 

llVfri 1 : OfLUfODMlMcIJi^ a; wmmH of tmiu 1; pcrlnrdltl^ i : pfJilailltiKi I i 
1 i premie ni^rpOt^p 1; liypi^rtrgpbr cvf vplHo, 1; tmpiictiQD ^1 1 ; 

5B6ii.B!tk rtOc. It nrpttJffl ctfff III OTl^BiCt, 1; vt^^iucb wviW, I* lubeijiMiwy* psurn- 
^UiL l| ^|vl«n«fw ■urvutiiiB o; ow f4»n(J, f.rcEfi^t 

<ii«iitjti(. ult«j hJ »ni4i»K tie>, itt. 
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was a flrepmnf biiildirig for the central healing^ plant. Fkjui tiiL-s 
plant the animal houses ontl the workshop are heated, and ^ loiig 
as the boilers were housed in a flimsy, wodeti shed, part of which was 
used as a woodworking shop, there was serious risk of a disastrous 
fire. The new building is 40 feet by 56 feet, whh walls of stone and 
concrete, and a roof of slate on concrete slabs, supported by steel 
roof framing. Two additional boilers were purchased and Installed 
60 that by using the boilers in alternation they may be cleaucJ and 
rcpaircil wdieiiever necessary without interrupting the operation of 
Llie phiut. The storage vault for coal was enlarged, luld a large coft- 
Crete storage tank built for supplying warmed water to the tanks for 
llie hippopotamus, tupli's, and alligators. The cost of the hoiisfl, 
Uoilera, and otlier improverneiits connected with them, was $5,850. 

The scriKi of yards on the west side of the antelope house was en¬ 
larged iluriug llie year. Light steel bars replaced the wire of the 
former fence, and wherever sufficient space was available, a double 
fence of the same chnractcr was used mirtend of solid parlitions. 

Adjoining the indoor quartera of the HipiM>pntamus and tlie^tupirs 
0 j-ard 34 feet by 60 fed was constnicted, in wldeli was provided a 
good-slied batldhg iwol 6 feet deep. 

OuUluor cages were installed along tho east adc of the small 
mammal bouse, completing the cage equipment of that building. 

A number of hiclosnns for cuttle, deer, and other unimals were 
rebniU during the year, ond a substontiiil new shelter constructed for 
the sebiis, vicugnas, and alpacas. 

Three small incloeurcs fur semiaquatic nnimala were built near the 
otter and beaver yards, and a permanent walk constructed from that 
point to cotmeet with the main walk to the west entrance. 

The mucbinca In tilts wgritshops of the park have heretofore, lieen 
operated by steuni power, ^Vs eloctric power can now be had, nr- 
rtmgemont is l«ing made to equip for its use as rapidly as is prac* 
ticuble. Two motors were purehB.sed near the close of the year, 
a drenlnr saw with CMubination bench. Considerable wonwuy jn 
labor will be elfected by the* changes. Work was also begun on a 
auall liotise for the storage and preparation of food. 

The cost of these improvement:! wfl,s os follows: 


Ittmw for cintral boating riliint— - — -- 

VKLTds uii Wtwt pSilc i>f bfHWW.-- - --— --- 

Vitira fojp lilppopotatnus duil titplrr?. ---— 

putdfHet nt sawiH nwmrojil --— 

luclDsanMi and for cnttlo, via - — -— 

Small iijclolfnrta and wait lii tumviT taller- -- 

Kijalprortit Unr ^rlcsliorw - -. -- 

Ise^lnnlug c«HiSlraciloii.of ftwid 


iKrll 

Sda 

45UI 

m 


TatJiJ- 
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mvouTxsr ^ eeds . 

AW TliP log bridge tliut cro<sses the creek on tke maio 

tirivcvvjij ui the lower part of the park has for s^ome liioe showa signs 
of weakness* A careful exanilnationT by ilm engineer of bridges of 
the District of Columbia, sliowed that several of tlie logs were in an 
iidvatij;^ atuge of det ay md that the wiiole structure would soon Ije 
MiLSLife, It was therefore recomuiencled to Congress that an appro¬ 
priation of $20,000 he made for a permanent stnxeture* At the time 
of writing it in known that such an appropriation was made. The 
construction of the new bridge will therefore be part of tlie work 
for the coming year. 

Aiyiar ^, — Tn spite of all efforts tlie fine collection of blr^ls in the 
park is very fur from adequately housed- The woeMleti building in 
wUicb the larger unmlHir are kept k too small, too low, msauitaEy* 
and really unworthy of ii national institution. It was built in the 
cheapcsl manner to meet an enicrgeney and although considerahlo 
sums tmve been spent on it for repairs it in far from satisfactory. It 
is desired to build a suitable aviary in the western pitri of the park 
fitui In group about Ibb ilio cages for the eagles, vuHtires, condors, 
and oivk now sculitered soiuewbat irregularly about the grotinds* It 
is believed that a auitable structure can be built for about §^f>,000^ 

flTii^ slatktiCfc given above show that the auiuials arc 
not exempt ftom disease* Infective disorders are sometimes brought 
in by animals that have been kept in insanitary conditions on ship¬ 
board or in the collLHitiiJus of dciiki^ Even with the utmost cure 
pathological conditions ere likely to arise due to diangea of habit 
due lo captivity* Animuls brought to I he park from any place not 
known to be saiiiuiry ainl free from disease should lie properly 
quaraJiitincd^ f^ick iLuimals should also be isnlatech both ou their 
own account and to prevenl the spr^^ad of disease* This has lietm 
done imperfectly^ in tlse only way possible, hy keeping them in ex¬ 
posed buck of the stable urn] excluding the public* A ?mnll 

building to servo as quarantine and hospital is urgently noedwL 

comfort There b at present no satisfactory pro¬ 

vision for the ct^mfort of visitors who come to spend some time in 
view ing the collection Tlie park is located at a long distance from 
any aviiibble mitniimut, there is no suittiblo place where women or 
clxildran can rest, or be quiet if fatigued, or taken Kuddenly ill- This 
offers an unpleasant contrast to the arrangi»ments usually seen in 
other Koological gardens. It is desired to construct ii pemnmont 
building in a cent ml locality to sen'e as a rest house and refectory. 

iVe^r — The deer ond other runnoiuit aiiimnb confined 

near the western entrance to the park have worn the ground so much 
by the constaut attriUon of their lioofs that ihelr paddocks ore almost 
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whdlr bare of regctation and ibc hoi! is wasliing uwbt under the 
iiifltience of rains. Those animolii must soon be removed to a new 
location, 

AJtcratiofiit 0/ soon after the inception of the park 

endeavors n-ere umde to have its boundaries rhangcd to conform to 
the plan of the cdt^. It must be reuiemlxTed tliat tlus plan was not 
(leTeloped when llio park was laid out. Consequent!Y then: are 
regions where the bounddoes not rejich existing streets and 
narrow strips of ground art; left wliieli, if occupied, make the rear of 
hoiises a but upon the park, presenting an unsightly appearance. 
Tilts has gone 011 until on tiie ciistern side private houses have been 
Lnilf that seem to be about to slide down a steep cliff into the park. 
The value of the adjoining property hns muteridlly eubaneed. 

The WH.'fltem side is greatly in need of improvemenl. The ideal 
plan would be to estejid the park to Connecticut Avenue, which 13 a 
fine, broad street, and iiijike the principal entrance there, with gate¬ 
ways befitting a national institution. If this be found to involve 
hw great an expenditure, the area should at least tic made td reach 
to sonic contiguous mid, either now existing or to lie hereafter 

irufh—'Hie eslension of a street n short distance fniin 
the southern lioiinilar3' of the park has made necessary an extensive 
fill of enrlh ac:rG>:s tlie ravine where f^titttrio Koad reaches the park 
boundui^'. This fill is cncroadiing more and more upon the park, 
and after every heavy rain tnn.a tif earth are preeipitate<l down thb 
rapine and into the creek. There seems to be no remed_v for this 
but the constmei itiij of n suitable retaining wq]] or walls forming a 
seri^-ti of terriiL'vi-', 

filj^rapjHtifT hanAt of Rock C'recl*.—The heavy volume of water 
thai rushes down ilie creek at every storm erodes llie banks, nndcr- 
IIlilies large IroM, and in some places threatens the roadways. It is 
diwit able to avoid this by riprapping with stones of siifiicienl she to 
witiistand the netiesn of tlie water, Such work can be effectually 
concpided by planting twiga and small jilunts in the interstices. 

Footl^riflffe bdoie lover ford,— As the city is rapidly increasing to 
die westivard of the park, more and more people enter from Catbe- 
liral Avenue, There is a well-iiiade rrxid from this entrance to the 
ford Ltiroiigh the creek, pniciiraLle during low water for carriages. 
Foot passengers are*, however, pluecd at a dwaclvantage. as in order 
to reach fhe animal houses they are obIigl^d: to scruiiible along a pre- 
cipitniis pulhw'jj', used at preseut niatiil}'' hj* workmen, before they 
can gel to the properly improved roads. *At a slight expense a foot¬ 
bridge Hjould be made below the lower ford which would enable vis¬ 
itors to reach at once the main roads of tlie pork. 

AddiiioriJi to t/ie cffTfrcffoii,—IVithout attempting to exhibit those 
nniiiials that are vttlnahle nit-rcly because of their variety, it would 
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Sjcem that n natiQiial ooHection should at least show t!iOi>e that are 
common objects of interest^ such as the girafTe^ tho dromedaty^ the 
rhinoceros^ the Airioan elephant, tha various mountaia goats, includ¬ 
ing the indigenous species and otheis. The high price of tJiese ani¬ 
mals has made their acquisition prohibitive in the past, but it is 
hoped tbeir purchase may be made possible in the future* 

Kespoctfully submitted. 

FtuNK Hares, Superintenii^TU* 

Dr. Charles D. Wauxtit^ 

Sccr^tajy of the Sviiti^oniaiv IntdiuiW'H, 


APPEN'DIX 5. 

* 

HErORT ox THE ASTROPIIYSTCAL OBSERVATORY. 

Sint I Imve the hatiot to present the fnllowing ruport on the oiK?r- 
atiniis of tins Sniith^man A&trophy^ical Ob^r\'tttory for the year 
ending June 30. 1012: 

KQUirMENT. 

The equipmenl of the oteervetory is na follo^fh; 

fa) At Wsishington there Ls an Inclessure of about Ifl^OCXJ square 
feet, containing five small frame buildings used for obs^er^ing tiud 
computing purposes, threa movable frame shelters entering several 
oat'Of-<loor pieces of apparatuo, and also one small brick biildiug 
containing a storage battery and electrical distribution apparatus. 

(i) At Moimt Wilson, Cftlifornia, upon a leased plat of ground 
too feet squaro in horizontal projection are located a one^story 
cement observing structure, designed especially for ftolar-cciEistant 
fneosurenienbit and also a little frame cottage, 21 feet by 2s^ feet, for 
ohserver’e quarters. 

There were no important additions to the inslmmeni eqnipment 
of the observatory during the year. 

In 1900 tlie Smilhsonian JnMitiition, at the expend of the Ilodg- 
Iciiis fundy erected on the summit of Motini Whitney, California 
(hcigiit 14y502 feet)j a stone and sted house to shelter obseirens 
who might apply to the Institution for the use of the liom^ to pro* 
Diute invosti^tlons in any branch of science, this stnietufo 

is not the actual property of the Astrophysical Observatory, it 
affords an excellent opportunity for observations in connection witli 
those taken on Mount Wilson. 

WOIEK or *raE YKLiU. 

1. OPE V.UlLiBlLlTV OP THE BUS. 

Congress having provided funds, an expedition under the im* 
mediate charge of the Director proctseded in July to Bassour, Algeria, 
to make tliere a long iseries of sotar-constant obsem-ations simultane- 
om^iy with similar observatioiiB umde by Aasktnnt Aldrich on Mount 
Wilson. The Algerian expedition mclnded Mr. and lirs. Abbot and 
Prof. F* P. Brackett, of Pomomi College, Califomiai The uppamius 
carried was the same u$ed by Mr. Abbot on Mount Whitney in 1&09 
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mid 1010 . Station was reached cm .Tulj,’ Si. iftH, tiiit owiii" to a most 
unfortunate migcarringe of n bos of appuratiis, observations coiiM 
not bo comiiienocd until Aitj^st 20 , anil bo vend more days were ttj- 
quired to pet tho whoio outfit working satisfaetorily. tIio weather 
of August was escelleiit ut Iwtb Mount Wilwn ftiid Kiigsour, but in 
the sub^uoht months the good days at one station fretiiiently eoln- 
eided with bad ones at the other. IlcnM, although 44 days of solur- 
ronstmit observations were secured at Bassonr up to Kovemlier 17 , 
wben tUe camp was broken up, and » still gnpater number were 
secured at Mount M'ilsonj only £D of these coincided. 

In Shiite of the loss of Augi)^ and tho unfavorable weatber of sub- 
seijncnt inontbs, the rreults thus far miiiccii strongiy confirm tho 
supposed variability of tho smi. for example, the first half of 
September yielded tho following results: 
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From these results appear: 

(A) The solar-constajit results ubthined at Bossour are on the 
average 2 pt‘r cent Jiigher than tliosie obtained for the sumo days on 
ifoimt n il*cm. Referring to former reports, the solar.ccuustant ro- 
suits obtnineil at Washington ond nt Mount Wliitncy Avet® tiJso con¬ 
sistently higher than those obtained at ^fuunt iViUon, and by almut 
the same amount as just given. FTeuce. we seem justified in consider¬ 
ing that there ig a condition tending to low results prevailing at 
Mount WiUon. Tbk may very probably bo the increase of hazhiem 
there at liigh sun, due to increased humidity. In view of the uniform 
testimony of the three other stotioua, it seems proper to conclude timt 
Mount Wilson solar const ant values are generally too siiutlL 

(B) Z/ipA goiaf cojiston/ ealu^ at ffofitOUP earreti^nd i&itA AiffA 
«olar eaiuitani tvtluea at.!/auut WHsatt^ attd vice vertg. This relation 
is shown in both tho acttraipanying diagrnins. Figure 1 U a plot of 
the siiccesalvc fiolar-CDnsimiL values at the two nlationa for tlu! days 
mentioned, p igure 2 idiows the same values plotted in a manner to 
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better exhibit the eumparison. The vertical scale (fig. 2) repre^tib* 
Mount WiUon values and the horueoatal scale Bussour values of the 
Sfilar constant for each day when satisfactory observations vrero se¬ 
cured at both stations. If the values observed ware witiiout error, 
it is obvious that for eacb day tlicy would have been ideniiciil at the 
two stalioEs, Hence, if tl^e ssolar radiation liad values of 1.90, L1?5, 
and 2 calorics on tlinee different days, they should have been repre¬ 
sented by points at the lower kft enmerj the center, and the upper 
right comer of our diagram, if ob^rvtjd at both stationi^ without 



error. In general all values of the solar constant would fall on the 
line A B of the figure if the measurements were without error^. But 
we have found the Mount Wilson vTilues consistently lower by *2 per 
cent* If we admit a constant fiystematic error of this magnitude, 
but still deny all accidental error of measurement, then all obeerva- 
tions sliould fall on the line G D of our diagram. They must all lie 
at a single point of C D if the solar radiation is coustaut, but may 
fall tnwhere upon that line if the solar radiation is variable. In 
practice it is of course never possible to avoid SGcldental errors of 
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measurement. Hence^ we must expent th^t all Fflhies sKhJI cluster 
about a pi?in^ on C D if the aiin is constant, but sliall cluster about 
C D ^ on a-xit if the sun is variable. The latter erudition Is erl- 
dentlj the fact. Aiasiiming the mean point of C D as a center, the 
average deviation from it b proportional to S. Assuming the line 
C D as an axis, the average deviation from it is proportional to 3. 
Thus the obscri^atioii^ arc represented 8/3 times better by assuming 
that the Buirs radiation is variable than hy asi^nming it cottslanL 
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The average deidation of the values from tiie line C D is 0*021 
cailories. Hence we may conclude that simultaneous sohir-constant 
measurements at Bas-nour and at lloiitil Wilson^ white diHering by a 
constant factor of 2 per cent, exhibit accidental errors of only L2 per 
cent due to variability of the errors of observing^ aud the like* 
Dividing by the square root of % wo find that the avorsgo accidental 
error of a single solar constant deLenuiuatiou at one shition is 0.9 per 
cent \Mien one considers the mEiItipIicity of the sources of error in 
this complex investigationf and that the result just anuounjoed de¬ 
pends on die uniformity of tiie sky during several hours, as well aa 

atW-HiM niz -—^7 
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on the ordinarv ncisjutiidfci of uU c.^pf>ritiientnl work, the smallness 
of this accidentnl error seems remiirkflUe 

oi /i?/3.-Trhile ll,e aiomllaneous obsenations tnn<le 
m 1011 ttt Baasour and MoTint Wilson seemed Justly intcrpretnble as 
coi^rniiug the variability of the sim, yet it was felt that a result of 
saeh iincommoji interest ought to be pul bi^Tond the smallest war¬ 
rantable doubt. Accordingly, bi Jlay, lois, Mr. and Jfrs. Abliot 
tpitn returned to Bn&soiir, where they were joined on May 20 bv Mr 
Anders Ivnntson Angstrom, m temporary iissistant. oWrvatiniH 
were tegun on June 2. Observations on Mount IVUeon had already 
Iwen la^n by Mr. Fowle in April. June yielded 17 days of mei*s- 

rCth 1 ‘’‘'Js ni. Mount AViWn It b expect^ 

in lil'" -ill ^ntiune nt^a-rying until ab<a,l Seplcm- 

r <luei:tion that this work, com, 

bined with that of IDll, will thoroughly prove or disprove 1 lie exist¬ 
ence of the siispeeipti siiort -period variatimt!, of the sun. 

ON TUK IUrts™iS.VT,ON OF 6TASD.Vft,18 OF HlUHELtOJURTBV. 

rile SmitlLsoman Institution Imving undertaken to furnbh silver 
diak pyrlieliousutirs at cost when useful solar wsfarclies -eempd likdv 
olie promoted thereby, the assembling of the eonipletetl itistrumeni 

at'"lL f«r shipment have been done 

Observatory. During the past year about 10 
instnimcnts have nsin prepared and sent out, mostly to foreign 
goven^entat nicteorotecal services, IVhwi returning from U- 
Sir. Abbot ™mpa^ diver dbk pyrheUomoter A R O, Xo. 

the IrLtitiition. In ticjther caw was there found any diuiige of road- 
^ of the instruments comparer!. It was hoped t^ make compari¬ 
sons also at Loudon and Purhs, but the weather prevented. 

tL ON inm ABsoamox nAtminos ny atwobi..,erii< watr« y.,™. 

Mr Fowle Ims continued tlie research on the absorption of radia¬ 
tion by water vapor, and hm* devised and publbhctl ‘ n method for 
detemining spectn^pir^Hy the total quantity of water vaTr i^ 
rlud^etwron the observer and tlio sun, Tlic method is l,t^! 
spect^ometric obsen-ation-s made with the long abLrption oU 
^tmned m the last two reports, and is applicahlf to alXlometri^ 
o^nnlioiis of the sun s infra-red spectrum. It seeitLs probahlv to 

^^ 2 cent. Heretofore there has been no 

methoil of estimating atmospheric water vapor etceDlinn- fmm nh 

_.r near kites, b nltoons^and mountainB. From such psychrometric 

’MitPfianjptl Jcwmii, rai *5^ 1542. ~ 
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obseni'jitioos mude at different levels general formula: for the awr- 
age humidity of the atmosphere have been derived, 3Ir. Fowle finds, 
however, that these formulie, while representing avemge conditions, 
arc often widely astray on Individual days. lie is preparing further 
data from Washington, Mount Wilson, ilouiit Whitney, and Bassonr 
spectrobolonictric work, to promote a more complete study of atmos- 
phtrir humidity. 

lliis iuvesligntioii has yielded a valiiabie application for solar- 
CODstant work, for Mr. Fowls has found a way to very greatly 
shorten tlie work of correvtitig for watcr-va(ior iilBorplion in reduc¬ 
ing the holographic observations. This will diminish by about one^ 
Wth the labor of reflucing the solar-constant work, and at the sunt 
time will yield results of sligldly gn?ater accuracy than before, 

Atmo^ipheric water-vapfjr absorptioii work lia.^ I»en (.onfined tu 
the upper lufra-red spectrum bands this year. A vacuum bolometer 
is in preparation, by means of which a i^omsldeiuhlc gain in sensi¬ 
tiveness of the apparatus ia hoped for. This will greatly promote 
tlte value of the work at vci^' great wave lengths, and accordingly 
this part of the work lias Iwen allowed to await the introduction of 
the vacimm bolometer. 

PEtlSO.NXEU 

Prof F. P. Brackett served as temporary holotnetrie HssLstant to 
the Algerian expedition of lyil, 

Mr. Anders Knutson An^roni served as temporaiy Iwlipmetric 
assistant to the Algerian expedition of 1013, 

Mi,ss P. E, f risby was appointed temporary computer, February 
12 , 1013 , 

Minor Clerk 51. Segal resigned 5farch 1,1912. 

E. Carrington was appointed messenger boy on March 05, 1912. 

SUMJIAiiV. 

The year has been notahlc for expeditions to Algeria and Cali¬ 
fornia to test the supposed variability of the sim by making simul- 
taneously at these two widely separated Btitiona spectrobolometric 
determmatiotui of the solar coiistaiit of radiation. The measure* 
ments in Algeria agree with earlier ones at Wa.shington and 5fount 
TShitney and iudiente that 5fo]int Wilson vniues arc systematically 
a little low, A[)!irt from this systematic error tlic average acci¬ 
dental differences between ^Ugerian and ifount Wilson determina¬ 
tion were only 1.2 per cent, indicating an average accidental error of 
a angle solar-t'onstant determination at one station of only 0.!> percent. 
So far as yet reduced, hiffh. aotar-^onniant viditet obtained in Algeria 
coincide with Mffk valuce at ^^oun^ WS4i>n and vkg vensa. A solar 
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variation ol 4 por c«nt tros mdicBted at both .^tation^ in tbe iiTSt 
half o£ September, 1911> Many vaiuoi remain to be computed, bat 
it can now hardly be doubted that the outcome will prove condu* 
sively the irregular sbort-period variability of the sun. 

Numerous copies of the silver disk pyrheliometer have been stand* 
ardized and sent out, mainly to foreign governmental mcteorolo^cal 
services. 

Valuable results have been secured in the research on the trans* 
mission of radiation through atmospheric water vapor. An accamte 
method of estimating the total water-vapor contents of the iitmos* 
phere between the observer and the snn has been devised by Mr. 
Fowle. 

Respectfully submitted. 

C. G. Absot, 

AttrojfhjiietH Oheenatory, 

Dr. C. D. Waijcutt, 

Secretary of iho Smithtonian InetUntiofu 


Appendix 6* 

repout on tiie library. 

Sib: I have ilie lioiior tu pi^ent tlie fullciwing report fni the work 
of tlio Library of the Smithsonian Institution during the fc^cul year 
ending Juno 30^ 1912: 

As no general aercount of the lihmry has appeared in the piiblioa- 
tions of the Institution for the last 16 years^ it seoiaa desirable to 
give a brief summaiy of its history in this place. 

The formation of a library was included among the objects of the 
Inshtitntion in the act of Congre^^s approved August 1340, by w hidi 
it was establisliod. Tlie character of this lihrarj* was specified in the 
program of organisation presented to the. Board of Regents by Sec¬ 
retary Henry on December 8, 1847| and approved by tlienii in tiie 
following terms: 

To QiiTVj ont tLe plaa Ijetore Uoscrlboi], a llbFurr wtSI be required^ Grflt, of a 
comjrlere collccilou of tlie traavaetloaB an^t awoedlna^ of a 11 the I^rued socle- 
tten la tbe world: aecotnl, of rbe more liuiwrtaot current rertodical rnlMicatJoafl 
and other works nocesaary la prop&rliic the i»j-Lodh.-xi1 refiorts. 

Willi lefereac^c to Utc coUeetJon of books otber than those monLloa^ above, 
dtalo^ce of all the UlOvereat librericfl la Uie United States ediould he pro- 
cared. In order that tbe rfiluDlile books tirst piircbaved may be soch are not 
to be found In the tlnltfd Stiitea. 

Also ODLoloetEcS of memoirs^ nad of books In forelpi Ubrnrles, and other 
taateriniE shoutd be ^xinDeted ftop reedoilDM^ the lusUtutiua a ceoter of blhlLo- 
Krapblenl knowli^e, wheaw thu stadebt may be dlreetiHl to aay work which he 
may require. 

In 184T Prof. Charles G. Jewett was appointed hhrarlan^ and after 
some little delay liegan collecting books in accordance with the plan 
just i^itod. As a result of his activities tlie Sniithsonian Library in 
1352 cnnipri^d 32^0t)O voltimea, A portion of them was obtained by 
piirchnse and others by the aicclainge of the publications of the 
Distitiition for tlitwc of learned Eiocieties and similgr organizatiosa 
in the Unitet] States and in Europe. 

The ex}>ensc of mamtaining the library soon became a serious 
drain on the limited resourced of the Iihaititation, and in ISGt the 
Board of Regents, on the reeommendation of Secretary Heniy,. ro' 
quesi ed Congress to authorize deposit in the library of Congress* 
An act to this effect was passed in 18€G, and, in aceordaiice with its 
provisions, the Smithsonian librat3* was transferred the same year to 
the new fireproof moaia iti the Capitol which liad been prepared at 
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tlmt time for tliG better nccommoUation of th^ Library of Coiicfress* 
The Smiihfionijin Librun' then eontfliaed eboot 40^000 Toltiines. Its 
transfer from tbo Smitk^^nian building in nowise eheeked its growth* 
It inereusefi in extent with cTery Bueceeding year, and in IBIlIi the 
record entrit^ had reached 3l4i^500, including books, pamphlets^ peri- 
odicals and parts of periodicals, and map^ cxclu^co of certain 
special coUediotiS tint incorporated in the Smitlisonian defMwit/^ 
The Institution nt that time currently received more than sepn- 
rate publications of learned soriedes* periodicnkj and inagn^Jnes, of 
which related to pure science, 704 to applied science, and 7TB 
to artj literature, trade, and a variety of otlier subjects. Tlie smaU 
special collections mentioned above, know'n as the ^retarj's library, 
the office library^ the library of the Astrophysical Observatory, Llie 
library of the Kational Zoological Park, the employees’ library, tlie 
Exchange Service collection, and tlic law reference library aggre¬ 
gated nljout lOsOOO publications in ISGC, 

In 19p7 the Smitlisonian library wa.s transfermi with the Librarv 
of C^mgress to the now btiildhig provided for tlie latter and placed 
in the east stack and in a large room adjoining the aame* It. was 
Hubsequentlj transferred to another room, which waa specially 
equipped with metal bookcase- 

It is not possible to ascertain tlib e-xact number of booka, pampliktR, 
and other publications contained in the Smithsonian library at th^ 
pnsent tirnc! without making an actual enumeration of them, an 
operaLion wliich would be attended By many difficulties. It may Ijo 
said, however^ that at the close of the fisca! year 1912 the accession 
entries had reached a total for the contents of the library of SSOfiJSS, 
including book.^^ pMupIdets, periodicak and parts of periodicala. and 
maps and char to, exclusive of the amall special coiled Sons already 
mentioned. 

While the Institution has acquired by donation or otherwise many 
nuro and valuable bodes and collections of books relating to other 
subjects than the seiences, the original program laid down by ftecre- 
tary Henryk has been dof^ly followed, and the Smithsonian library 
deposited in tbe Library of Cotigrtss consists mainly of sdcntific 
perioilicals and the transactions ond proceedings of Icnrnod scKjietiea. 
With possibly one exception, il contains the most important collec¬ 
tion of these dosses of publications to be found anywhere in Oie 
world. 

The incrense in the activities of tlie Xational llhluseum which fol¬ 
lowed the great influx of collections from the United States Fish 
Commission and from the Centennial Exhibition of 19TG and the 
erection of a separate Mns&uxn building made it imperative that 
large numbers of books on natural Ubtory, tlio arte, museum admin¬ 
istration, and other siibjectfl should be permanently available for the 
■cientihe and administrative staff, for use in identifying and claim- 
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lying collei'tinns mul ns n :iOurce of itifonoation Ttgnriiing mvtsenm 
mEthfxts. TIiir resulted in the es-tnhiiirliirii'rtt of the Xntiotial ^Euseuin 
rj(*rnrj', which hud a$ its nudeus the toltEctinn presented liy Seexe* 
tniy Bnird. By small unnunl expenditures for the purchase of bonks, 
and by the exchange of ihe .Maseum publications, by donations, and 
otherwise, this library has nrenmuktt'i? about 42,000 volumes, 70,000 
nnboitnd papens, ond n niinit>er of maps, charts, and nianuiicripts. 

A similar need in ilie Bureau of AtiHTican Etlmology bus le<J to the 
formation of u library relating to etbnology and iimheology, and es* 
peciiilly to the North AmcriciiQ Indians, which comprises ubcHit 
21,000 rolumcih 

liMjile the Library of Congress has the custody of theSmithso- 
nittn deposit,’^ the title of the library remains In the Institution, It 
continties to have free use of its Ixsoks, and als^) enjoys the use of 
The books helonging to the Library of Congress. Under tiip pro¬ 
visions of the act of Congress Ibrough which the Smitlisonian Library 
was transferretl to the Libraty of Congress, the InstiTiuion may with¬ 
draw fhe books upon reiinburHement to the Traasury for the ex¬ 
penses inciirred in binding and caring for them. 

As fori‘sc*‘n by .Secretary Heniy, tliis arrangement has both its 
advantages and its disadvantages. The In>>tjtutiori is relieved from 
the expense of mnintnimng a large library, and its books are snfe- 
giiard<>d and housed with other similar collect ions, whereby the wants 
of students and InvcstlgutorG in many lines of intellectual work are 
provided for in one jdace. 

On the otJier hand, the Institution hag little wiildn its own walls 
to show for its early expendiLures for licxika, or for the great s.YStem 
of exchanges which has Iwen carried lai for more than half d cen- 
tiiiy. Fiirtheniioiv, with the growth of the Aktionni Museum oml 
other scieiitiGc branches, under the direi-tiun of the Institution, the 
desirability of having a lai^- laaly of iKxiks imm^liatclv at hand 
becomes every year more apparent. Tins is cspecifllly true as rapi. r^la 
books on noturttl Jfcierircs, and on the industrial niuriinc arts, a large 
number of wliicb nre constantly neeilei] by the staff of the National 
Miiseum, as well as by the other scientific bun-aiig of the Government 
and liy repivsentutives of the gn-at Ijody of scientific students and 
investignlors throughout the country who are attracted to Wnahing- 
ton by the collections of the Museum. 

In order that this need might!» met ns far ns possible without im¬ 
pairing the arrangement with the IJbrory of Congresa, the Museum 
has, as already mentioned, H.s!vmbled a considerable library of its own. 
bill it has lieen found desirable also to keep certain serlw belonging 
to the Smithsonian deposit at the Institution for longer iieriods thmi 
would be rerjuired for ordinary reference. The library of Ihe Biirean 
of American Ethnology is also hoiisei^l in the .Smithsonian Building, 
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unilt in fliiditloii. the vuriiiiis limall Lvlleciioiie of l>ook;S mentioiied 
above, except tiint nf the Zoological Park, wliicli b kept In the park 
oJBccft, 

To provide Jii^proof quarters for th^ and also for a portion of 
the N'utional MufKiini Library, it was proposed last year to erect 
luetul bnokstacks in the mDtn boll of tlie tjmkbscinian Building wiiere 
they could all bo brought together and economically adininietcred- 
It is to’ be hoped ttuit Congrcfst will soon provide the means for 
cairring this plan into effect. 

As regards the service of the library, the most imsatisfactory fea¬ 
ture at present is the delay in obtaining' books, which fre<]uently 
occurs, owing to the fact that, in accorciance with the cjitahlished 
rotitine, bouka are received from the Libraiy of Congress only twice 
a day. It i» not always possible for those a ho use the library- to cite 
tbe exact date or serial numt^r of volitincs wanted for reference, and 
Lence, tbroiiglt the fault of no one, wrong books are sometime re¬ 
ceived, Thia causes additional delay and dissatisfaction. 

As is well known, the plan has recently been canvassed by the Gov¬ 
ernment of connecting the several departments and bureaus by on 
underground pneumatic carrier large enough to take books of at least 
the usual sizes. A connection of this kind between the buildings of 
the Library of Congress, the Hmithsonian Institution, and the Na¬ 
tional Museum would be of great utility in the service of tlie library 
and would remove tbe difEctiJtics now existing as regurds the delivery 
of books. 

The greatest defect in the Sniitliaoniau Library, and one which 
has existed for many years, if not from the beginning, is the lack 
of couipletenesM of numerous sets of scientific serials, Wliik this 
condition U not at all peculiar to this library, it is a source of much 
vexation to those who use the books. Secretoty Langley, when in 
diarge of the librarj*, dev ised a plan by which ninny gups were filled, 
but others rtill renmin, Tlie Institution has never possessed funds 
sulScietit to enable it to remedy tlie defects by piirebuse. Odd vol- 
limes of a aeries are not often obtainable, and to purchase the whole 
or tbe greater part of a scries, in order to obtain a particular volume^ 
is an expensive procevliire. Although a great deal of thought liasi 
been expended in attempts to tlevisc a plan to overcome tlds diffi- 
cuUy, it has not led to any practical result so far as the Institution 
is concerned. Recently, however, the Library of Congress, through 
its greater resources, has succeeded in procuring many of the desired 
volumes, and they have been placed in the gaps in tlie Smitbsoaion 
series. Tiiia liberal action in tlie Interest of scientifie study seems 
to constitute the only possible SMlulton of tin* problem at present, 
although it would naturally be a source of greater satisfaction to the 
Institution if oil the volmnes in the various series bore the Smith¬ 
sonian stamp. 
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ACCEKBJOXS. 

IKiflng th^ year covered by this reportt 994-41 packages of 
pubticarioiif^ were received by mBil and 9^*59 packxlge5^ tbrougli the 
Intematioiin] Exchange Service, making ii total of packages. 

Some of these packages coHtameil as many as separate parts of 
periodicals or other serial publicationbL Aboul 44^7^ aeknowiedg- 
menLs were made on the regular forms in addition to the letters 
which were written in acknowtedgment of pubLientions received in 
res[^oiise to the requests of the Institution for exchange. 

The accessions for the Smithsotijati deposit in the Library of Con¬ 
gress recorded during the year numbereil 3,5-10 volumes, 1,951 parts 
of volumes, 15^90 pamphlets, and 866 charts, making a total of 
91,083 puhlicationsv The accession numbers ran from 504,150 to 
508,788, the parts of seirial publicationa entered on the card catalogue 
numbered 19,012, and 1,225 slips were made for completed volumes, 
and 171 cards for new periodicals- Theiie various publications com¬ 
prised in all 52^548 separate pieces, including pails of periodicals, 
pamphlets, and volumes* They were sufficient to fill 304 boxes, 
which together contained approximately tlie equivalent of 14,569 
volumes. In addition, 2,058 parts of serial publications secured by 
the Institution in exchange, to complete sets, were also sent to the 
Library of Congress. 

The practice of sending foreign public documents presented to the 
Institution to tlte TJhrary of Congress without stamping or enrering 
was continued during thej^carj about 4y589 publicatjous not included 
in any of the foregoing atatieiics having been sent in that manner* 

Tlie office library received a'? accessions 347 voliiinKi, 42 parts of 
volumes, and 31 pamphlets^ the ^Vstrophysical Obseri'^atotj, 114 vol¬ 
umes, 30 parts of volumes, and 86 pamphlets; and the Xstional 
Zoological Park 10 volumes and 9 pamphlets, making a total of 677 
publications. 

EXCHANGEisi. 

Efforts to establish new exchanges and to secure missing parts-to 
complete sets of publicotious in the Sinithsonian Library involved 
the writing of 3,000 letters, and resulted in the addition of about 171 
new periodicals and the receipt of about 2,058 missing parts to 
complete volumes in the Smithsonian sets^ 

New exchanges for the annual reports of the American Hbftorical 
Association from the allotment set aside by agreenieat for that pur¬ 
pose resulted in the acquisition of a number of publications of 
historical societies thronghoiit the world. These were added to the 
Smithsonian deposit in the Library of Congrts^ 
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(IKNKRAL WORK OX THE LIBRAUV. 

As an aid in dctrunining the actual deficiencies in vacioua ^ts in 
the Sotithsonian dcpi>s-it in the Librur}' of Congress^ a special search 
was made tlirotigh the Library of the National Museum for rotumes 
and parts of vulumes belonging to the deposit^ and it U expected (Jiat 
before the Museum Library is niored into the new building prac¬ 
tically all that hare lodged there will Imve been found and sent to the 
Library of Congre^ to be entered in tlie proper records. In addi¬ 
tion^ requests have been made upon institutions and societies to 
secure lacking parts, with the result that many sets have been com¬ 
pleted. Rei ised wont lists of hrench and Elnglish publications, 
preporeil at the Library of Congress, were examined, and in manv 
cases the publications were supplied by the institutions and gooietlea. 

The author eainlogue for the gciicnd series of publications received 
was continued, and the results were till that cruild be desired. Cata¬ 
logue cards made for the author-donor catalogue nombered 10,012. 
Publications catalogned comprised 11,104 volumes, 171 n?w peri¬ 
odicals. and SSa charts. Of the volumes, UIS were recatnlogued. 

During Uie year ti,731 parts of scientific periodicals and popubir 
magazines ami 250 bound volumes were lent to resders, makinw a 
total of 3,9S1. ® 


i'ATAlJOnrE OF SMtTHSONlAX PUBIJCATTONSL 

An analytical card catalogue of the publications of the Institution 
to inrlnde Ijotb author and subject entri^ has been begun. Some time 
will yet be n.‘(|wircd to complete the task, as the cards under present 
eondliicms can be prepared only during intervals in the regular work 
at the cataloguing and accession desks. Much thought was given to 
plans for the preparation of a catalogue of Smithsonian publications 
to 1*0 printed m book form, which is greatly needed at the tirp.sent 
time, hut on account of the limited funds a%-«il.sble for printing it was 
deemed by the secretary inadvisable to umkrtake the work tlds year. 

ZIEADJNO AN7> HEFKRENCK ROOMR 


A rearrangement of the reading rooms, to make more space for 
readei^ is in progress. The accession Iwks are to he placed in a case 
er^HJted on the west side of the room, the table in the middle of the 
rnom to be reduced m size, one cataloguer’s ilis^k is to he tronsferred 
to another room, and a table u’itb bins for perfodteats is to be nlacorl 
under the north windows. ^ 

Tlio publications in the reference room and tiuise in the reading 
room are now m charge of one person. “ 

.I RT RQO)l. 

The contents of this room were rearrangwl during the year and pub 
lications not diretlly relating tn tba fine arts placed in the sectiomd 


BeFOfir or the secbetaey. 
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UbrAries of the MiLseum. A number of books on ort betongiiig to the 
Marsh collection were placed at tlie timin entrance to the Smithsonian 
building in conj'tmctioit with the newlj imdalled esliibition scries 
illustrating the various aodTities of the Institution. 

nMrtjOYEEB' LIIIHABV. 

Tlie totol ntmiber of loans from this collection made during the 
yeor amounted to 1,800« Two hundred and twelve volumes of peri' 
odicals were bonnd and made a\‘nilab]e for circulation, A number of 
especially selected for the purpose, were sent to the National 
Zoological Park, as in previous years. Only one book was pur- 
chased and one received as a donation. 

which this collection of books was establislicd the 
fecilides for obtaining reading matter of genenii interest were quite 
limited, bnt with the opening of the Washington Public Library they 
were very greatly increased. In view of the large number of'books 
in all branches of literature which are now available for readers, it 
does .not api>ear neci^ary to expend mone}* in extending this special 
collection. 

UttR.\BIEB OF THF; GOVERXliENT BFLVNTnES. 

l/aited Statm iVaiionaJ .l/wre^on,—In previous reports reference 
ha.s Iieen made to the congested condition of the library of the Xa- 
doiial Aiuseum. This was partly relieved m 1911 by separating out 
duplicates, for which work temporary assistants wbre employed for 
several months. The library still remained somewhat in confusion, 
however, owing to the necessity of moving various sections from 
time to time to make room for new acocssionsL These accessions 
arrived more rapidly than they c6uld be disptvscd of. and accumu¬ 
lated in unassorted pilesfc Tlic library also suffered greatly from 
dust. 

Owing to tlie necessity of exercising rigid economy in the admiuis- 
inilion of tbo Museum library, the present force b scarcely able to do 
niorc than keep pace with the current routine work, which coriHiats 
of repstering accessions, entering current numbers of periodicals 
and traiisacdona of scientidc societies in liie curd-catalogue, classify¬ 
ing new accessions in acconlance with the Dewey decimal system, 
attending to the wants of the readers and diose entitled to borrow 
books, keeping the records of loans, and conducting the nec'esaarv 
oorrespondence. The very important task of placing books reLUTOftl 
by borrowers, or new accessioos, on tUe shelves is performed by the 
messenger, the classifier, or others, as they liave opportunity. Thu 
preparation of books for binding, which' requires siiecia] 'care, t* 
attended to by the assistant librarian of the Museum in the intervaLs 
of otlier busineas. 
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As th«5 time for removing a portion of the libmry to tUe new 
Museum building was upproadting, and there seemed no possibility 
of dit'erting the regular force to the task of putting tlie booh- 
stocks in order, the assistant secretary in charge of the Museum, at 
my siiggeslioiD, employed three temporary assistants who ovcrlmiitcd 
the entire contents of the stacks, tliorottglily dusted the d^elves and 
iNioks, gave purtletdar attention to arranging the volumes of the 
st'rittk in exact order, and to restoring any hooks that wei'c out of 
place to their proper locations. At the same time tlie tloora were 
deuned and painted to keep down dust, a few new lights were added 
where needl'd, and various minor repairs were made to windows, 
ventilators, etc. 

iVs a result of these activitioii, the Museum library at tlie close 
of the year, thougli much crowded, presented u clean and orderly 
appearance throughout, and everything was in train for the trans¬ 
fer of a ]>ortion of tlie books to tlie new building witliout confusion 
or serious internijuioa of the regular work. 

will be learned from the report of the assistant secretarv in 
ebarge of the Xatioiml iluseiim, a readjustment of exhibits, lalwru- 
lorife!, olhres, etc., follows from the completion of the new Museum 
building, and it is the intention to rearrange the library to suit 
these new coudUions. It is pro^msed to assemble all bcKilB on 
Konlogr, iinleoiitology, geology, ethnology, and archeology in the 
new building. Books on the arts and industries, teehnologv, and 
allied subjects a-iil be oesemblcd In the present library quarters in 
the old building. Books on botany and those adiose contents relate 
to n number of different subjects will probably aLio remain for .some¬ 
time in the present quartern, though, us already mentioned, it is 
hopeil that Congress will soon make provision for these and certain 
i^miLlisoniau boobi, togctlier with the library of the Burean of Amer- 
itan Ethnology, in die jimin hall of the f^mittuionian building. 

At the re(]uest of the assistant secretary of the 3Iuseum, the ussidt- 
ant librarian of the Institution and myself prepared definite pinna 
for the installation of tlie portion of the library already mentioned 
in the new Museum biiading. in well-adapted rooms on the ground 
ih'ior at the northeast comer. Contracts were made for the metal 
stacks and other fittings, in accordance with these plans, and nt 
the close of the year they were nearly ready for delivery. It 
expected that wl«n tins equipment » linhdied "the Museum will have 
1 C compact, economtcai, commodious, well-liglued, and well-arranged 
library, installed in accordance with the latest and most improved 
methods. 

Jlaiiy important donations of boohs were received by this librarv 
during the year, and the following officers and associates also pre¬ 
sented publication.^: Br. Charles D. Walcott, Dr. Theo. A. fi]|] 
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Dr. E<)gnr A. Mearns^ D^* Williatn II* Dull^ Mr. R, Rid|jwfty, Dr* 
C. Richmond, Sir* J. G- Cm^ford, Dr* O* P* Haj, Dr* A* C, 
Peak, Mr* W. It Maxon, and Mr. F. D* Millet 
lilt iliteeuin library, according to the best statistics available, 
now contsins about 4ijjOtJO volumes, TOjOOO nntjoiind papers, and 122 
manuscripts, besides maps, charts, etc. The accessions during the 
year eoroiLsted of 1,701 books 3.006 paniphlets, and 2TR part^ of 
volumes. During the sanir period 324 hooks, OfiO complete voUimesi 
of periodicala, and 3,02:2 pamphlets were cataLogiicd. 

Attenlion was given as Ui previous years Ui the preparation of 
roluuies for binding* In all 543 books were sent In ttie (loverument 
bindciy during the i^car. The binding m, however^ sdU ruucti in 
arrears, and it iH hoped that luore nitincy can be devoted to tliis 
liurpo^ in the ftititrCi Lorge iiutiibct^ of pamphlets need card- 
k.Jard covers to protect them from injuri'* Tliough the cov'crs Oietu- 
selves ai^ available, it is impossible with the present force to bring 
them into tise to the extent itrf]itired* 

During the year £4,6ll!^ books, periodicals, and pamphlets were 
borrowetl from the librarji among them 5,515 obtained from the 
Library of Congress and other libraries, and 4,560 were assigned 
to the sectional libraries of the Muiseum. The majority of these ssc^ 
tional libmrieii contain publicatlona that are constantly noedwl by the 
several ciirntore and other officers in identifying and classifying 
material, working op collections for puhlication^ writing exhibition 
labels* etc*, and tiie boofes are kept together as long as requited^ 
though any of tlicm may be recalled temporarily to the general 
librarj’ for the of readers- Similar collections of books on 
museum administration, museum methocts, etc., are kept in the offices 
of the assistant secretory in charge of the Museum, the administra- 
tiie ftsaistont, the editor, and the superintendent- In all 31 such 
Gectiona! libraries are now in existence, one relating to textiles having 
been added during the year. 

The records of the Jluscum library consist of accession book and 
an author catalogucHi a periodical record^ and n lending record in 
card form. The lending record includes book^ borrowed from the 
Library of Congress and from other libraries for the nse of the 
Mirsemn siiiff* 

Correspondence relative to new exchanges and missing parts of 
serial publications already'in the Museum library was carried on as 
in previous years. A number of new titles w'ere added by this 

Bitreau of AffwnVan I^Jihnoloffjf* —^Tho report on tbb library wifi 
bo made by the clhtiolofdst in charge and incorporated in his general 
report on the operations of the bureau. 

Att^pkj^iiced OhMcri'atory .—Owing to lack of room in the office 
of the observatory, a part of the books belonging to this library have 
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been k€pt in the SmithEonian building. During the year this latter 
portion was transfemd from one of the tower rooms where It was 
difficult of access to the southwest gailety in the main hall of the 
building. Additions, comprising 114 volumes, 38 parts of volumes, 
and 86 pamphlets, were received during the year, 

ZaoloffUjol Par ^.—To this small reference library of 
wjologicol publications relating to Ujb work of tbe park tO volumes 
and D pamphlets were added daring the year. 

Summary of uocMwns,—^The following statement summariies all 
the accesai™ for the year, except the Bunsan of American Eth¬ 
nology, which is administered separately^ 


Baltluanlaa deiMsli [n the uarary of GotigrtHs _______ 21 033 

BmUnwiilaa vlBcc, ^^nmpbyslcit] CJtKwratDrjr, >>adaDa) Zwli;gjciU Park. 

and tnteranUonuI Sarrlcc-, _______ " (fjy 

UulUtl Stcite!i NAllonnl MiutBum _ ______ 


Tirtal_ 

Very respectfully^ 


2StCas 


R W. TauK, 

Amittant Steretary^ in ahanjt 

T, ,, «r Library and Exchmget. 

Dr. C UABf,ea D. VVAliCcnT, 

Secretary of the Smitktdnian ifntitutifynt 

Octojieb 9,1012, 









ttEPORT ON" THE IXTKKXA'J lONAL CATMAXHTE. 

Smt I littve tb(5 hoiiDr to submit the followii^ rejjort on the oper¬ 
ations of the United States Bui^eau of the InternationiU Catnlo|^ie 
of Scientific Litemtun? for the year ending June 30^ W12i 

The InterDatioiuil Cntalogne of SrientiSc LiEerEitiire is an orgnni- 
zntton consisting of S2 rcgion.il biirenus representing the prme|p;i] 
countries- of tlie w'orhL Control over llie entire enterpnse is vested 
in an internatioiml convention vvliicb meets at regular «d.ated inter- 
vuE, The regional bureaus mippJy to a central bureau in Ix>ndoii 
classified mdex citutiozLS to the Mricntide lilemture pubibrliicd witliln 
their Severn i regions* 

The (lutiea of th^i rent ml bureau consist in eiiiting nnd puhli^hmg 
the citations tlms fonvardedp The piiblisliietl rataJogue com privies 
1? annual volnmca, oius for each of the f olio wirig-luimed subjects: 
Mathematics, niechajiieSf pliy&ics* ebenedstry. oHironomy, meteorology, 
mineralog)', geology, geography, paleoutolog)\ general biolc^v, Ixjt- 
nny, zoology, anatomy, aiitbropolc^% phyaiologj', ami bacteriology. 
Each countrj' ccxjperating supports its own regional bureau, this sup¬ 
port in most casets Iwing in the form of direct govenunental gmiits. 
The maintenance of lb© central bureau, whicii bears tlie coEst of editirg 
and publishing the calulogiie, is dependent on the funds received 
from the sale of the published voliunes. 

The Royal Society of f^ndon bos Ktood finiiiirial spon.^r for the 
enterprise since the lieginning of the iindeHEbing in iOOU and it baa 
been through tlie generoTis financiiil assistance of bmly that the 
publication of the work has been {uji^ible. 

The organization lifts now been ot work over 10 yeai'ts^ and tlie 
published nisiilts have met tlie evading ret^uiremeuLs of a clarified 
index to the vast scientific activities of the day; but the price of the 
work to subscribers, althoiigh below the cost of piibUcation, b so 
large that its usefulne?« is greally limitetb For this reason a i>orma- 
nent endowment is urgently needed in order that the central bureau 
may biivo ii fixed income^ independent of the sujii derived from the 
sale of the published volumes^ It is beJievctl I hat if ‘?iich an endow¬ 
ment could be obtained the cost of the rutalogue could la? nxliiced 
possibly to one-half its present subscription price, w^hich is $S.'j per 
year* This reduction in price would undoubtedly largely increase 
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the sales, ilhcI as Or larger edition of the work would cost eompar-^ 
atively lillle inore than the present limited edition any increase in 
the demand would epproximately be clear profit to the central 
'bureau. 

This result is not only desirable from a iioancml standpomt hut 
also because it la believed that this intcmiitional index to scientiBo 
Kterature, wbciee scope U now limited to pure 8cience^ is but a beg^in- 
ning to what will eventually be an international inde^ to not only 
the pure but also to the applied sciences. Tills will tneAU that the 
orguniTiation will ultimately furnish classified citations to the origi¬ 
nal literature of many of the professions, arts, and trades whose 
practices and methods are now much interwoven with, and dependent 
on the advance of pure seienoe. 

The appropriation made by Congress for the maintenance of the 
regional bureau Eor the United Stales during the year was $T,500, 
this being the ?atne siiin that was appropriated for the previous year^ 
Five persons are regularly employed in this bureau in eollecting, in¬ 
dexing, and classifying the scientific literature published in the 
United States. 

The practice of having the more technical scientific papers referred 
for analysis and classtfication to specialists in the subjects treated 
has been found verj' Efttiafactory and is now earned on to the cx- 
du^oi) of the former practice of corresponding with the authors of 
the papers, for it was found that to correspond and advise with 
authors neci^itated mudi clerical labor and often caused long delays 
in obtaining the information sought 

During the year 27^01 cardie were sent from this bureau to the 
London central bureau as follows: 


literature 

_ ___ _ _ 4 

law- 2^3 

laoo-- ---- _ 3 !^ 

- — ___ _ aiQ 

----— — - 1.4S0 

tIKiS --—--—___ l.Wfl 

lOOSI- - 3;_372 

1W« -- - - ft 231 

. . 13.BI4 


*Cptnl -, , ____ _ 2if*2nl 


Since the bureau was cstablbbeci in llKll, 262^35 cards have been 
forwarded to the central burean^ 

The following table shows the number of cards sent each year as 
well as the number of cards representing the literuturc of each year 
from 11K)i to 1911, incliitsive^ 
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Durmg this time tUe London centtnl bureau had received from all 
of the 32: bureaus cooperating in the prodnetion of the International 
Catalogue a total of 2,0rjtl^030 canls, and as 2112^335 of these repre¬ 
sented the cards rece|v-ed from the United States^ it will be seen that 
al>ot)t 13 per cent of the work has been done by tlic regional bureau 
for the United States^ All of the first eight annual issues of the 
catalogue-, eonai^tiiig of 17 Tolumes each, havo been published^ together 
with ITi volumes of the ninth annual issue and 4 volunuis of the tenth 
annua] i^taue, making a total of 155 votuniei of the regular catalogue. 

Following an established policy to consolidate the eatnlogne when¬ 
ever possible with aimitar enterprises, an agreement has been made 
with tlie International Seismologicnl Association whereby the yearly 
International Cntalogiie volume on geology will be enlarged and the 
section Intcrniil dynamics,” containing cm index to selsmoiogy, bo 
pnblishod not only as a regular part of the International Catalogue, 
but also sepamtely for the use of the International Sei^otagiml 
Associntion. 

It is a matter of regret that this bureau is not yet able to afford tho 
expense of isgumg cards, in advance of the regular pnblisibed vob 
limes, for the immediate use of persons desiring prompt notice of 
papers appearing on any of the subjects embraced within the scope of 
the work* Plans having this object in view have been under con- 
Eideration for some time, but as yet the necessary funds are not 
available for the purpose* It is not intended to issue cards in place 
of annual votumes^ but to distribute dassified index cards ms soon as 
a paper is published, for the immediate information of those interested 
in the advance of science. 

Verj* n^pectfiilly, yonrsn 

LroxAftn C. Guknell, 

Aashtmi iji CAwr^ge. 

Dr. CiiAELFs D. Walcott, 

Siscretary iAe Smtihionfun 
Kr.300*—BW 




















































APFFNDnt 8. 

REPORT ON TllK I’UBLICATlOTfS. 

Sib: I hnve tlic honor to submit Uio following report on the pub* 
licitioDfi nf the Smithisoniiin Institutiod end its branches during the 
JiBcul year ending *Tune 30, 1912: 

Tlie Institution lias piiblisliwl one memoir of the ** Smithsonian 
Contributioiui to Knowledge,” S«i papers of the Smithsonian hfis- 
celisneoiis Collections,” and one annual report, Tliere were also 
laaued by the Bureau of Ethnology 1 annual report and 2 bullctlm^ 
and by tl« United Stateis Xatinna] Museum 153 iniscellaneous papers 
of the Proceedings, 3 bulletins, and b parts of volumes pertaining to 
the National Herbarium, 

SMITHHONUN COSTKIBI TO KNOWUEDOEL 

jjrsAma, 

104S. mumok vii nkccljfinEntl flEplit, l*art 1, 1SS7 to lltDTjs by Nhmiif]; 

Tirfinslt^a by Cliarlra >r» MUnlf. Fnrt II, to by 

Ctiarleii ^rnnlj^ PtibUcihi^ 11 ^ 1 , Pn^eSi \ to 3 % wUh 101 

pl(tle*L VoL 2T. No. ^ 

SWITIiSDNlAX H CniXlXTIONSl, 

oc?irAVo+ 

In the eeries of Smitlisotiimi MlficelloneouB CoUectiona there were 
publisbed (1) !T papers, cover and preliminary pages for volume 
r>6: (2) A impers) of volume AT; and (3) 11 popera of volnme 5&, as 
follows: 

20H, Cainbrtnti *i«t lwl«uilo1n,rr, TT. Kot r>: MMille CjitiVbMan An- 

nclklii. B 7 f TturiCTf WflIctrtL l^ptODibcr -I, Itill. Pii|M lOt* to 

1 rinlw IS 1*1 Vo9. TiT. Xo. a 
2in5- I>PlKfSplJilli ijf JL now poll lift ttllll SllOCSvt of lllllTttulnid^lh] tmm 
By H W. NftlftOii. riibStHboli Jnij a IWtl. l‘nptg 2, Vol. m, 2 I. 

^ 1 , CDtnbrlan p.Htlopy nihl imlwntoliigj-. It No* fi: Sltddlp Oiinbrlnji 
Bnini;Lilci^>odii, >fiiIii€!ufttFncii. Trllrblui, ttmt By CtuirlGK D. 

WiildtiU. PiiMliilwffl blrtivlt 15. lEHlS. 1435 m S 2 », wltb 

Ptiiteft S4 to 34. VoL Ct, No* IL 

SSfPWlL Two new ot binJM tr^m I'Aiviaui. Eu \\\ X^Einn.. PiptK 

llftbea Be|*leiwber 7, ISII- Out iwge- VoL TA X«. 22. 

2(K^. Ou Tmwh^n^, 0 setiiT* of fenn^ Hy Dr. H. Cbriift, 

IhibUiibeit Xovemlier 21 . Png^ 4. Ilnte 3 * VoL fflj, Xo. 2 il. 

20Cia A muiirltflble iHw fein from Ffttuima. Br Wllltnm R. Maioii. pub> 
JIfthwl November 22 , lyil- a Ptntcfl a* VoL £4 
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3000. EN»i?rl[>t!arL« of seircn n^w Afr^cflii p'ABB-wnrti]eni e)f th^ gi^ntui CUMJCftln. 
By A- Publldji^ Nni'Cfnthcir :23, 1911. PngL*si 0. VoL S4I;, 

No. £3t 

3Df>$L A klngfliihw frotu Psttfinui. By E. A. GotdmncL PiiMlsbeil Dwmi- 
iHir 1. mil. PaifM 5t Vpi 50, Na 37. 

50^3, t?^«ir^l^^S^lH wf a upw wiiecJeut of itinhlnl, HeHodymiibB ralnojl, frtup 
BtlU.'ib liloitt Afri™. By Ar iMiitift- Fubl!Kb*>d Novtiiialmr 3S. l!llt. 

Ofie |Ni|;i% Vol, 50. No, 

300Z Folii* tiow tnptiiiTuilJH from the CoiuiOlqD RocJeIos. By N. HolUfltor. 

PlUdluliud DocirdilH-r 5, lini. 4 VmI, fp(l, Nol 30. 

2004. Tlireo new elub moeses trom PaimuLii. By IVlIltniji fL lEnxwi. Fab- 
billed JuHipur>' 0. ISil SL Pjige« 4. Inntpfl 4. Tol. 50, N(x 29. 

2IWS5, A uew subif[iveJu£i «f IHurml^n fnjiB the Aleutian TsJiindj?. ftj A, C. 

Beiit. l-obliBlied Jiunjary 0, 1912. 2. Vol, 30, 

2067+ Iloport on ait ImreoiEgatton of Ibo Ktoloetcal etmeturp of tbe Alpt. By 
Bailey WllJlK PubUidiHl Febnmry 7. 3912. PAgiw la. Vol. 50, No. 3L 
20t»S. Note? on tiTnia c4i!H5n^«l during a brief visit to tli-p Aleutliiii lE^hiiidB and 
BerEng In 1911. By A. CL Bent. PnhlLiibcd February 12+ 3612. PAg«i 
29, Vol SO, No. 

aw?l>. Tbree new phints from Alberfa. By Paul tX StautHey^ Ptsb^liibet! 

nuiry 7. ISIA Piige* 3. VoL 50, N^l. 3A 
2970. A now leatbor dower frotn lJllnola+ By Pfttil ^otUey* Pubilah^l 
Fiibrtiiiry 7+ 1912 I’oftea 24 Plare l. VoL W No. 34, 
aon. tlie lUtUvefl of Kbafga I'topt, By AM Hrdti^ka. PiiblEvliod April 

15, 1912 pHBPa ilrt_ PlateA 3^ VoL fi9. No. 4 
2972. New rnttmciuilJi from Cnnada# AlaAku, nhd K^melmllui. By N. Hoinal^n 
Pubilsliod Febmnry 7. Ull2. Pngea A Plalos 3. Vol. Stl, No. 35- 
2073. DescripLloDB of twelve new viiecleA and snbs^nsdcs of nmnintiihl frotu 
P^LOuiiiii. Ity+ E. A i^ldman. Fubllebed Febnury 10, 1912 FaRea ih 
VoL 50. Now 25tl, 

2^4, IMerlptldus of two new epoclis of mm blnlM from PaimimL. By BL IV. 

NoljiWti. PubSljahftil Fehrujiry 1(1. 1912. Pugea 2 VoL No. 217^ 

207^^, Duubrbin geology and fialooDtology. IL No, 7 : OAoibio-OitloylclitiU 
bonudtiiry In BrLtlah Columbia* wLtb description of CihiaILs, By Cborles D. 
Wflkott.^ Fubllebrd Mnreb S, 1012. Pngc« 220 to 237. Plato Six Vol. 
57, No. 7. 

2076^ ChmbrlaTii geology and paleontology. II. No. The S^ardinLaa CAmbrian 
genua OlcnopaE.’^ in ^VmerEeu. Fubllahed 5[rtrcli S, 1912. Fagea tn 249. 
Platt* 39 l VoL 57, No. 8L 

2977. New species of foeell sbcllA from PfinRmu and Costa lUca. Gullectod by 
D, fr\ 5[acDoiiii|iJ, By WEUIan] Ucoley palL FubUabed ^aicb 2 1912. 
I'itgoa HI. Vol Net 2 

3973. Deeerlj^tldii uf a new fnibsi^ecles of munbey from British llast Africa, 
By N. HolUifti-r. Publlshfid March 2+ 1912. Pages % Vol, 59+ No. 3. 

2079* Descriptions rf new gen^^ta amS stMjtrieft of njScrolejddoplern from l^nama. 
Hy August PuBck. Publlsbed March 9+ 1912, Pngefi ICl Plate L VuL 
SO, No. 4. 

20SO, New gcnug aud ajiuclM of hym^optera of the foinlly Braeonlde frotn 
Puimnuk, By H, I* Vlereck. Pobllsbed Mnrcti 9, 1EH2. Pligcs 2 I'oL 
SO, No. 5. 

Tbn Eenera of fussit whulebono whale? allinl to BalBrnopteru- By Fred- 
ertek \S\ True- PublhOicd April 3+ 1912 Pogw S. Vol !50 h No, e. 
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K^PQUT SMITHSOXtAK l^i’STITUTlON^ lOlS, 

318Z OtwmtIcinPf DD ttie liahltA of tlae cnifftDcnii nnA^ogo. Bj Pmnk 

Walter Wc^nisifi nnd Cbirle^ Hownnl RlchardNm, Jr. Pcihll^liod ,\fiiT 10* 
1011 Pia^rw* 11 pjnte 1, No. 7. 

20^ ELimlltotl loetnrc. 1[ife<r|l<rti buJ i^eorei'l' frucn Infection. ^Iiddd 
F leiner, .11 D. mibllabed Moj £0. 1012. Fagow 14. FUitm U. ToL S50, Xa & 

20^« NalJoiial Zknloj^cfnJ PjitIl Notrs oo Anluia]^ now. or rt^wntly, llrfirtg In 
Ow> XntJotmJ ZoulogScHl Ihiiit By JL B. Bilker. PubSlAhefi May 1? 1012L 
raje^ 3, Plate 1. VoL fiO. No. 0. 

SOSO. XationnI ^iOoToglefl] Vntk. I'tirtlior noiej* on the breodlug of tii& Ataerlmo 
blutk tienf In captirlly. By A. H. Baker. Pubnelii-d Mny 17, 1012, Pagp# 4 
Vol 50, Nfj. la 

20SSl 8aw‘51es froiD Fa.naiiiah wltli dcscrlptldna of nrw jijiaiO'ra and speclwi. By 
A. Ecihii'cr, inibllBtaeil Mlly 18, 1012. Pa^ 6. Vnl. .W, Xo. 12. 

2fi00, Xw decftiKMl €niBtiic#ab« from PaiLanui. By Mary J, BnilibiiiL P\iblli$he4 
ilay 20. 10:J2- Pane* & Voi m, No. 13. 

£001. Smldkaanlaii M[»cebnEK«iiK CeBMdnjiis Cottrniui pn^lmltmiy for 

rolume 60 l Pai;^ \ to rll. 

3002. Rejiort an landAhetbc coUeeted Iti Bern In 1011 by the Talo expedlllofi 
uader Prot. HLraiu Blnglittiu, with tvf u new siihKenoB, n new 

^[keptcfl* and new tnrietleo. By Wliitniii Healey DnU. Pnhllpibetl Jtioe S, 
im2. Pnjrep 12. Voi 50, Na. lA 

Namcfl oC the tarf^ wolve* of nortlirrfi end North Amoriea. By 

BerrH ^ Mllliir., Jr Published June h, 1012. Pagew A. Vol. 50, Nok ISv 

Till- following pHi>ers of the Smithsonian ItHscellaneoiia Collec¬ 
tions were in pitsss at tlie close of the year: 

IBSf- miillof^rnpli}’ of (he eeolo^ nmS minetiiloKj of (In. By FrAok f* nai] 
Eva Hwn Pacee 1 to r, -tO^l Vot. OB, No. j. 

2«Jr. E*tie(JlH(iiw .jTBflnlidd or imrthrliiBtNl la hy the amlthnoaiau Iiretltutlon 
m l&lO aiul TOdl, Fflcrs 51. Plato 1. Flpi. tW. Vol. fiO. So. 11. 

20M. New rodcata fmoi BrltlRh Enot Attica. By KUIniiuiil iicHor raem an 
Vol. 50, XOL IAl • 

am Xew dJptcra from PajunjLii. By J. R. AtallDclL Pnjjt.* a Vol. SO, Not 17 

am, >'ew Bpeclw of taDdahen* from the Pnniinia Canal Kono. By IVlIlUm tr' 
D*i], PoBPs 3, riatefi a voi, sn, xo. la 


SMITH SOMAN ANXUAL EEPOBTS. 


The .Vnnunl Report of the Board of HegcntA for 1910 was published 
in JannaiT, 1912. 

arw). AtiUBal Keport of the Btwni of Reiwnts of the SDilth-^ninti Iii.*Htiiilnn 
ohowltia opcRlUoiw, MlHOidlhire*. and conitlllanii of the Imtntntlon for th^ 
j,«r eudlnjf June 0ft. 1910, Ortnro. pajte, j to vll, fi^s, piatw isn nnd i 
iua[k CnntilBlDg pnblkallons 3001, 2002, and TDlfl-aMO. 

Small editions of tlio foilowitig papers, forming the general ap¬ 
pendix of the .Inniial Report of the Board of Regents for 1910. were 
l^iecl in pamphlet forma 


20M itelHUi? Weston Fttllar. 1833^1010, by Charlw n Walcott. :i3^123. 


2017. Oft>*inGflttttJmi oC rttitii nnd carpets^ by AUn 8. CoJe. Pngem 125^144 
II 


with 
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3014 Rl'cfiit In nvlaitott, by Octnv*- Cimutitt. I-Ui-KIT, wlili 

IQ i^ELlea. 

£010. Pros,T¥#i$ tn n'elumatioD of wiid Ifludj* In the wL'«t*‘Tn t'aUml by 

r. ii. :?%eweiL tci^ioa wiih is vmi^ 

£0(30l KliHJtric Jj^iwcr fD)in th*? CliMier M. Cljirk_ 

lDO-'2l0r with S plateft. 

20(21. Sfl fifty ijroviidinK^ in the I'ulted 9tate» Corsjonitlcta, hy Dnvld it. 

Ht?yt'r, 211-220, with ?1 plnteft 

2022. Thu tiuMJlntlcm of uli lciu« a iiTtieiHlon uifsiKiiiraiesit of lu ehnrjie, auil tho 

cnim-iLiiuu of Jjtw^ liy ll. A. Mllllkaii. Tap^ 2:^l-3yitL 

2023. The leJoKfnliiiy of pliotcivrophB, wlreJe^sgi und hy wire, by Thomo Ltaker. 

arfT-274. wltli 2 plalefL 

2(fr24- Jilodeni uil lliu L'oa^tltntlao of ttiatter^ by Juaa HeoquonH. Va^ 

Sfrft-290. 

20^. fk>iue uichden) dei^eloimteiii^ lu uietliodH of loatin^ by Churlea IL 

X[uiiro4±. Pogiifl 2B1-S4J41. wUJi 12 [ihitetfi. 

202^1 Sir Winiimi niyapLni, by W. W. CamptM?!!. fasw JShT-^lI, with I 

2027. The ouautout of rodlatiou^ by C. G. Abbot. ra^e« 319-321. 

202^. Alii toiiotii leal problomfi of Uie Boiitbeni Hemlsjihere, by Heber D. CortU. 

2020. Thc! proi;resgJye dLucIgoiire of tbo entire nttoo^pbore of Uie suu. by Dr. H. 
D^fllanilrea. FojEe« ^1-S^ wllh 4 phtt^ 

20^> Roe^t pnogrii^ tn aidrotihyiflca Sa Uio UbUod Slatoaf by J. Ho^er, Pages 
3i&T-.1^T0+ with 8 pIfltesL 

2Cfc^l, The fatiOT bnbitubllity of the eotth, by Thomoa Chrowder ClmmberlUl, 
311-^, 

2032, Whut Is torra flnoji? A reTlew of cmwit roeeaieh lii IsoBUie^, by Bailey 

WlllJa. Pages with a pbiteJiL 

2033. Troiiaiilnitlolt obd the aaeeut of sap^ by lieory li Dlioa- Pages 407—!£&. 

The saiTtHl i‘iir-liower of the -ittecs, by WlJliaiu Vj^vtin Afford. Pngew 

427-131, with I p\nX^ 

2aaSt Forest presermtlob, by Ileory S, Gmeea. Fagea 433'^44G, with T pbitei. 

203fi. AJesander I^IQ-IQIQ^ by Alfml tioldsbotoOgh Mayer Pagia 

447-172. with 1 plole. 

t!u37^ Hw^-iLt work on tUe detemifniiUoiii of sea* by l^eontifd DonttistOf. Pages 
473^85. 

203H, Ttuf slgiiincaoee of the polse rate Iti vertehiate animnhk by FEoretiee 
BuchmuiiL Pages 437-EHKk 

2030, The tkatural history cif the solltnry ivasps of the KOntis Synagris, by E. 
ftoiiband. Pii^ 307-325, with 4 platesL 

2(M0; A eeafrUiutlou to the ecology nf the ndnlt Hoatalu, by CL William Beebe. 
[*ageB r»27^i43, with 7 platea. 

2IMT. Mlgnstkiii cif the Pndfle plover to timl from the Hawaiian Xslumla, by 
Henry W* Hensliawn Pages IMS-SCiQ. 

2tH2. The pLninages of the ustrleli, by Prof. J. K. Duetdeb. Pages 5^-571, with 
3 rilDlC!& 

2(H3l Manifested life of tissues Dutsldo of the orgunlHiu, hy Alexis Carrel and 
Muntrose T. Burrows. Pages 573-^582. 

2i>14. The origin of Drtildliflii. by Julliui. Pokomy^ Pages 533-507* 

Shi CL Geogrephleal and atadflUail vJaw of the eontcmjwsry Slav people^ by 
Ltihor Klederle. Pages 500-^12. with ealEired map. 

atna The Cilve dwellings of the Old amt New Worhla, by J, W'elter Fewkes* 
Pagi'ii dl3-d34. wilh 11 plates. 


106 AKXVAI, BEPORT SMITHBO^^AN EKfiTlTUTION, 1912, 

IM7. Thi* orlj^ln of West Afrlenn hy OSIMIM, 

with 1 plott?. 

tin Qj tot Lon on furtuis, by Alliso Wh FmiiiiiiL BSl-^nrT. 

21M0. ^iMnuilology <if Eotwri K<>i;Ll OGft-tt7-L 

Tlie rtpoH of the exectitiTe committee and l^rciOE^Jiiigs of the 
BcnLi'd of Regents of the Institution^ ns well as the report of the 
aecretury, for the fisenl year ending June 30,1011^ both furmiJig putt 
of the annual report of tiie Board of Regents to Congress^ were pub¬ 
lished iti pamphlet form in December, 1011, as follows j 

£001, Eeport qf tin* execuike coaimlttee ftnU Proci'eOUijEs of the Bucnl of 
HeaenLB for llie j-eat eiiOlng June 30, 1011. Pnaes 39^ 

Stn{5. Et'ijcm of tlio EHsmiiry «f tla« SmUhsoDlAn IiiHlEriiLlun for tbe year lthI- 
IwK June 30. 1911, PuKoa 91. 

Till* geiwral apjM*ii<lix to tbe Smitli‘$oiiisii Report for 1»1J was in 
type, but Actual presitwork could not be completed before the close 
of the fiscal year. In the general eppendix are the following papers; 

Tbp crrtMiBtlc eflbijifittt, by H. atarctuniL 
Hadlqi^li^rnjjhy, hy O. ^rnteouL 

telerhony ami lei^irriipby bj luoana of wares gudOmd by 

by Oeorgv O. 

Bc>reii[ 4^sLWli3iy£LtM with lutlslble Uslj t. by H. W. Wood^ 

What eleclMcrbeiijlAEry Is ttccomplbihlngt by Josepb EldLmnli)^ 

AnelDnE atal miiKlQm vUwa F^rUln^ the cbemlcjil £ilementi^ by WlUlam 

ItmiiMiy, 

Thf' fum.lani^t3il pFtKL^eriJea of the eletiimts, by Tht^Ddore IVlIllniu HJrhanla^ 

Tb* iirntlaeitoii am\ liliftitJOcfltloii of artlfleUi] proclaus jUOEtiia^ by Nncl ilefitiin. 
'Tht* ii^rinaatlou uf driuitUi^ wmw by utlrn-rlcflot raUlutluns, by Jtilre r^iir- 
immL 

Tbi? llnie la rnricuB couDtriea^ by ^ Ptillljtpot. 

recent Intercetlnjr ilevelopmeiits la Astronomy^ by S. Planbett 
Tbc of tbe earttu by J. Joly. 

ULtemnEliiDi]] air iitsp nail BiirDaaDiicflJ by Qtu Lnll^wnsil. 

Ofiobfi^c wQrIc ot nnt^ la troiiliml America^ by J. C. Brijmerr 
On the value of Ibe fossM florts uf ibe nn.'ti’i? reafloiu an wlilanc^ of 
clLmaira, by A. O. NciUiorst. 

adraat^ lu aor ttuiwliJiige of the prtidactlon of light by Itring argnn- 
laaiSr by ¥. Aleac. McBennotL 

Omnlc evoltitiqni Darwlalnn nml da Vn^laa^ by N. C, ^caainnm, 

Uapinllu lutciir^: nr tbe gnsiter nroblmi^ of blaln|£y, by D'Arcy Weaiwartli 

A bJsiory of certoln srent homed uwIb; by dmrl^ IL 

Tbe pflsiKineer by Pebt tCnlm flTC9>p nnd John James Audabou riS31>p 

Noie on tbe liidew^t cotora of blltls and JaB^cts, by Mnnoeh. 

On Uie fMiMltloM m^AuiiL^d by birds In Ulcbt, by Bontley BeetMoi. 

Tbe gardefi of Berpents, Butnntan. Brnxll., by B. Poud. 

nM-fal natlre plnnta from New Me^ko, by Pniil C. Slnndlcy, 

The tree fqrns of North Ajf^lmp by Wlimim R. llaron. 

The tnlue of nnrlcut Uexk-nn nmtiiMcrliitB tb tbe aftnoj of tbe {ci»«nl iteTelon. 
UHTtit of wrttUiX, ItJ Alfred IL Tp«ur. r 
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TUtf of tIil‘ ait **t Iran iiiniiiirorintv. t>jf Bolek, 

Th* Kab^Iu^ of uortb Afrlofl, l>y A. LIbwiiiot. 

iiH^lLlloctiire nml Its retntloij to ruttuTtv by Ernst Ri^fgiy tinntnn , 

Th^- l-i>lo<i of KJentchonsr, flilnHp by A. h\ 

TU# iib^sfokiKS^ of by IL 

ProtltfkLlo flnd fnillk?«N Mot-^ of ismliruvor Lii publTc work* liy O. 

Jorduti^ 

Fsetory KfliilliilloD nnd by A- Winslow. 

Tbi* |,iby>di]lu^lu£]il of hy l^msrd Hill nud ^li'krUti FJjii-kL 

Tt4Vu1lii4; lit blpJj sin-rtjs oti tik! Ilf llio i^sHli niul fllhjvt^ tb by IT. 

^l 9 ^^S^\m'Wr 

Robort Krwrbp 1>M3^iniO. by f. J. XF. 

Sir Jonefib iMltufl Hooktfr, 1^17-1011, by lAokib f>kl, r». Priilii. 

Sr Rf ' I AT. PI ^ n I \VT J t INK, 

Tlio following specini piihliealsoti.H wvn^ ii^iie<t in oetuvo fortUt 
ing tlie year: 

20tJl Opinions rk^ilorvd by the Tutemitl bibs! Cotimilrtslon on SVxilogl'Cni X<kiii«n- 
akirnm Olilblotw JSCkTT. Piilillnbeil July, lUll. Pnijes 

Oplulons rviMlcred by t\i& InteriintEunnl ConiiiiEsslon on Zuoliv^lenl Noinefi- 
elntnre. Oplnlonij PublbiLLWl February, 1912: Pufee 39^117, 

2fJi,"2. OnsHlOed list of Smltb^^iotilAn PubMciilidiii* urttliublD for dlutrSbiitlon, 
jAniinry, 1912: Pulkllsbed JettiUfify> 1912. P-ijaw vL 2ii. 

PubllcuitloELfl of tbu Smltb^mtAti lostltutloti IssimhT between Juiiuary 1^ 
niul April U 1912. Oiip 

A sLuj^le folder, contjilnlng tmp Hbowliift SuiUbsoiilan unil N^atlounl lliiseum 
liulldlnpk. uibd liifuriiuit[i>ii [lertnlnlug tbernio. 

Then? were tio piihlicutiotiH in nt tlic elnse nf the year. 

rUBniCATlDNS OF TrrE rrMTRn .WATE.^ NATION A I. III'SEI-M. 

'I'he publiraLiojik i>f the Kational Museum are: (o) The annual 
report to Congress; (b) the [irc«$«Kjings nf the United States Na¬ 
tion ul Musenin. imd (c) the Bulletin of the Uaiterl Statics Xutional 
Museum, which includes the contributions frnni the Unitet! States 
National Tlerluicium. The iKlitorship of the^ pubileutioiis is vested 
m Dr. Marciiw Benjaiidii, 

The publjcfltioiiB Issued by tlie National ^rnseiim during the year 
comprised the uimuai report for IBll; pat>i:n> I84Sj lS5tl to 

1879 of volume ProtTeediiigs; pjipen^ 1880 to 1900 of volume 
Proceedings: thiw bulletins and five parts qf ContFibnliom from 
the Xaiional Herbarium* 

The bulletins were oa followis: 

Nd. fiO, Part tL nirilH of Knttb ubd SUddtr America, by Robert Btdgwny* 

No, n* Tbe ^irly Paleosalc Uridjojn df the Bnltlc Provluw#, by Ray liaaflldr^ 
No. 73 l CtLtnldf^ue of a sele*'th«i of art objwrti? from tbe Frwr CoTlwlion ei- 
hiblted Ld the tiew bulMliic at the Nadocal 


108 AK^UAL REMJIT HOTTHSONLiK IN^TITUTtOK, 1B12. 

Tn tli<! series of Conlribatiiinfi from the NaUotml Herbariuiii (oc¬ 
tavo) t]iere appeared: 

Vol. 13L Part 11. TTig ALllaqtacoift of Mexico oitd Central AmorSco, panl 
Btandlef. 

Vul. IS. Part New or aoteworUi^' [ilantn frciai Cdlkunbla am! Cffttral America^ 
by Umty Pittler. 

Vol. 14, Part a. Tlic Oramn Boutelomi ittnl related Keaton, hy DnTtd 

CritEUm 

VoL JOi Purt 1. MlArellAoeonB pupem, by Wllllatu H, Moxon, J. N. Itcuse, Panl 
Stniullf^, and It. S. Wllllaiii^. 

Voi JEp Part 2. Sty dies of TropiienJ Amcrlcjiii Fenia. by wilJiekin R. MaxoiL 
There were also pabl tshetl in cximpleted form voJumeB 30^ 4fi^ and 41 
alVtoL^lng^, and a new edition of BuUeibi 39| Part X* 

rrBU CATIONS OF THE 11 i:UJ:AU of AitERICAX BTHNOLOCiY* 

The pnblicatioiis of the harean are diBcussecl elsewhei^ in ihe Sec* 
retary's report. The editorial work m in the ebar||e of Mr* J* G, 
Gurley. 

One annual report and two bulletins were issued during' the j'ear^ 
as follows: 

Tm^Mity-^ireath xianiiat Heport* coqaprtKlpi; the fldmLatRtraHve refurt for the 

ymr etadlnj; June 30, iPOCt. and n paper- entitled **Tlip Ommlm Trlb*-/* hy Allw 
a Pletcber And Franvla Iji FfwbeL Pybllsbud ign. Jtoyal octavo. Pnpw 
1 to €72. wltli OS platea aad 13S O^res. 

Ballella 47. A dlctlatmry of the Hllokl nad Ofo Lanetinevfl, wnb Lhlrty-orLe 
BQoil iGsiB ami amyeroua Bllosl by James Owen lK>rti€y aad Joba 

H, Swantcia. pubJMicd linii Oetii^o. Paj;es 1 to v, 340. 

BaHetln 40. IJirt of [mblleatimia of the BumiD of Anmrlcoii EiIuioIiot^ tbib- 
11^1^ lOU. Octavo. 1 to 34, 

* PtTtSUCATlONft OP TttEl ^^tlTHSONlAX ASTROPHTlSICAI^ OHS^FRV'A 

TOR¥. 

Tliere wet¥ no now piibJications ifisued by tbe .Vstrophvitical Ob* 
iaOTvatory during tbo year. 

PUBLICATlOXg OF T!IE AUFUICAX HISTORTCAL ASSOCIATION. 

The annual reports of the American Flistorical iVssociation are 
transmitted by the Oisfioolatlon to the Secretary of tlis Smithsonian 
Institution, and arc communicBtcd to Congresa under the proTL^louB 
of the act of meor[K)ration of the iissociqtion. 

Volume 2 of the annual report for IMS. sent to the printer April 
26, IPIO, was published during the past fiscal year. On account of liie 
size of (he wort it was issued in two parts, pages 1 to 807, and 808 to 
iei7, and comprlsKl Parts IT and III of Texas Diplomatic Corra- 
spondt-ncf, edited by tlie late Prof. George P, Garrison. 


HEFOar OF THE RJICBETABT* lOD 

There was alf^o puhlLshed the nimuiil repnrt for with the fol¬ 

low ingr i^oTi tents: 

1. BefHKrt ot tLe jiroceedliig^ uf twenLy-Iiftti hudtiiiI af tZie Amt^r^ 

^■oli lltelerIcaT AB^DcLadon^ by VVftIda C3. IjcIniHl, Bscreturr. 

2r Twcnly-orih annivefsary celi^ratloii: Priicwililffi of tlie Caruei^lu IJCmJI 

fL Report cif tlie jmjepettlJiltBi of the Blxtb. nmiiuil nieetlni; of the lUcEnc cmnt 
branch, by Jacnb N% Howuinti, seeretary of Lbo bmnob. 

4. Weeteni A§Lii in tUe of Sennaelieril^ of A«^yrid (TOtMiaO^^ by ASWrI 

T. Olmstead. 

n. Tbe leiteliln^ of uiediicva] BrclueoJi^^ by 

♦i. PanuloxeK of itlnOptnoe^s popiilnrlty^ by Kilvmnl PorrStL 

T. niioiiaivk aa liSfifprf<^mpber^ by Quy Stahton Fonl. 

5, Some of postal exteofilim ItUiii iljc We^tp by JalEdti p. Hretx, 

0. SIeIo, H^hta on tlio cilnipronil^eH by Fmiib Heywwni L!odi£er« 

JO. Two ^udloff fn tbo Witafy of tbe rneiae Noi^tbwepl, by 1^:41 nioni! S. Mentiy! 

2. Tbc towns of tijo r^telUe Noribwest were iiot foimiilod oa ibe far 

tradt 

2. Motion ^[atlbew Ud^arr^ef, frontier elty bal]<lar. 

11. TLo iilaae uf tlie Gemma vlenvebt In AntcrLena lUHtory, by JizJliui GnebeL 
J2. Tbe Dateb element Id Amorlema lilirtory, by IT T, ColenhmLdor. 

13. Tbe Dateb element In tbe railed States, by Ruth Patnam. 

34- Rejiiirt of ilm cenfemioe on tbo eontrlbutlou «*f the ILonmnee tiatlontc to 
tbe history of Aftietlc^p by William R. Sbiidiem 
ITi- ITlNtorlenl BocIeile« In Qtvi\i Britain, by W. Protbero. 

le. The work of Duicb bbnorlenl soclvtlm, by If, T, ColenTimiider. 

17. The blstorleiit Roeleties of France, by Cajuille Enlnrt. 

IS. Tbe work of blstorlotl oeefetleit Iw JSimln, by Kiiftiel AlLninlrciH 
30. PrcK^IxifTS of ibe listb aaiiiial ootlfercnee of historical aooliH lenl, Ry Wabla 
G. l^lamL 

Sb. Tenth annnnl rejiorl of tbe publlo con&mrsskin. 

AtTHsnJIx Ah Tr^'et^dlni^ of Ibe Hrst anniifil eonfen-Dji.^ of nrcbhi&ts.. 
Appendix B. Rejiart on the prcblTOft of tbe Rtnte Of llllnoISp by C. \\\ 
Alvord aiLd T. C, Pease. 

Apt^endlx C. Repori on the srebtres of Kew ilbiexleu^ by J. n. Vitui^hati. 
21. Wfltlnizfl oti Aiuerleaa bJjitoty. IbOft, by Grace G. Giitliii. 

The Riaiitb^rlpt of volunie J of the aimiml reixiyt for 1910 wius sent 
to the printer June % 19IL 

rrBLlCATlQKS OF THE SOCtET¥ OF THE DAUGUTEJtSt OF THE 
AMEttJCA^: REVOLUTION. 

Tlie nmnuscript of the Fourteenth Annual Report of the f^atidnitl 
Society of IIle Daughters of the Aniericfiii Rerolution, for the year 
ending October 11, 1911, was communicated to Congress February 
20, 1912. 

THE SMITH SONLVN ADVISORY COM PUTTEE OX I^HtNTIXG AND PCB- 

LTCATION. 

The editor lias continued to gerve as secretary of the Smithsonian 
advLson^ coiumittee on printing and publicatiojL To this comrniuec 
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havp been referred the manimripts proposed for publiculion the 
vnrioiis hraiwhes of the Institution, as well as those offered for print¬ 
ing in the Smitlisonlnn Miscellaneous CoUections. The committee 
also considered forms of routine blanks and varions matters per¬ 
taining to printing and publication, including the qualities of paper 
suitable for text and plates. Twenty-one meetings were held and 
IW mnnuscripts were acted upon. 

Respectfully submitted. 

A. TTowaro ClABjt, Editor, 

Dr. CnJVPLRS D. IValcott, 

Stcretorif of tht Smithionitm Inttlitutlim. 


HBPORT OF THE EXECUTIVE COMMITTEE OF THE BOARD OF 
REGEiSTS OF THE SMITHSONIAN INS^riTUTlON FOR THE YEAR 
ENDING .JUNE 30, 1912. 


T& the Bouril of Regent & of th^ SrnUltJi^Qniim Imtitution^: 

Yaur executive committee respectfully submits the folio wiog re¬ 
port $n relAtion to the funds^ receipts, and disbursements of the 
Institution, and a ststciueiit of the appropriations by Congress for 
the NntioneJ Afusciim, the Internatioiial Exchanges, the Bureau of 
American Etlinology, the National i^oological Park, the iVstrophyad^ 
«il Observatory, and the InternsLtonal Catalogue of Scientific Tit- 
eniiure for the year ending June M, 1912, together udth babne^ of 
previous appropriation^; 


SMmij^ONlAN INSTITUTION. 

f7o#wf/Vion of the fund July 1MB. 

Tile iwnuanent fund of the Institution and the souit^ from which 
it has been derived are as follows; 


aeroBiTEs iw ihe ToauMmr or the VHixta 


pt Smltlison. Idifi _____ __ ____ 1^,00 

ReiiIdkUkrr legacy of i^nnhsoti, iSffT __ _ ___ 2C, 210^03 

Deposit froiu savings of Inoaiao; 1807^-, ___ _ _ l0Sl.tj20, ST 

BOQii^vt of James HamUtau, ISTS.. . ft, CNMKOO 

^ccomatateU interegf on Daiontoii foDd, _ 1, 04)0.00 

—- — 2,ooaoo 

BiQijotit of Habel^ ISSO ___- .- ___ 

Dopoait« from proceeds of sale of boaila, 3S81 _—_—_- m.tSOO, <i0 

aiTt of Ttiomna <1. Hodgkins, 18&1 ____ 200. 000.1)0 

Piirt of re^Sdtlafy le^rr TlioirtaB G+ nodjj'knis, 1S&4 _ % 000.0(1 

Deposit from savlngfl of loeornG, 1003 __ 25.000.00 

Keniclnnry legacy of TSoiuasG. IIcMlgklas __ _ ._ 


total amount of tmu^ to the Utilteil Slates Treasury. _ - ^ ■- - U44» OIS. 00 

OTIIEB EEaCTJECXS. 


lleslstered add gikorauteed botuia of tbe Sbore Bstlmad Go., 
port of leg?icy of Tbomaa Q, Hodgkins (imr value)__ 42,000.00 


Total (kermanaat fuod--—^ _ - - . ■ ~ ■ ________ 060.018.00 

Also four Eninli pieces of i^lL estate l^eauetithed by Bobert Sbiuluo Avery, of 
W^aablagton, D. C 
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That pnrt of the fund deposited in the Treasury of the United 
Stales t»ars interest at 6 per cent per annum, onder the pro>'idons of 
tlie nci of Congress of August 10, 1S40, organizing the Institution, 
arid the act approved Afarch 12, 1804. Tlie rate of interest on the 
West Shore Railroad bonds ht 4 per cent per annum. The real estate 
reived from Robert Stanton ^Vvery is e.vempt frean taxation and 
yields only n nomiiiaJ revenue from rentals. 


matnmnt of receipia datT 4fl«bttrirnieNt« /man Jutp t, I9it, to June SO, 


scccma. 

Caali ou ilotjattlt Joly 1. Iftii ___ _ 

iDterwt OD fuatt aepoalicd la United Stotca TTManty 

dtie Joly 1. jau, ttod Jao. l, IMS*_ __ _ 

laiereai oti Wabt Staire R. R, bonds due Jaly i. loii, 

noil Jill. 1, _ _ __ _ _ 

]li!(uiy[UG£Ltx, rentals. iittbllufitLonfi^ etc^„*____ 

Contrlbutlcitui from TfirlCkO^ 


^T23H42?i.OO 




27 , 01 : 1 .10 

2 t, 1 *iO. 0 Cl 


107. m SI 


PlSBOBfiXUXICm 


500, ni 


Buiidlnini, can? nml __ ___ _ ____ 

FnrftUurp niwl _ _________ 

Geoi^nii v^jmiBis: 

Salaries ---- US, ISO. £2 

Mwtlncs - 225.75 

Sul llopciT - -- . .. _ __ 701 Si 

ri>»Ufie, tel^rraitlu und leletibone......^ _ 075.55 

Frt'lt-Ut -- (K, rjj 

locldebtols- -- -— _ _ 1. Toa. s2 

Giinige...,-^ .____ _2 ,00 

Fmi:!I und _ ,&7.25 


Ubmry___ _ 

PublkEitluUi iikd tb^lr dliitTibudoii; 

AllBcellEiiiMiifl _ __ _ „ _ _ _ 4.014,72 

Reports - 284.(» 

S|3vrljtJ publlcAtloDS. __ 407.11 

PobI IcntluQ inippllcff. * - *_______ .423, IS 

Sularltt- B. 6 Sj,lfl 


0fi.40ai|lG 
099. la 


24,003.02 

^OiS.D3 


llxplnrntleiifl, researcbes. and cotleeilumi _____ 

Hixlabliu speclOc tniul, rewMrebM amt tniblleadotui _ 

Interaatlooal GxcluLuaiis_ _____ 

Gallery of Art —........ . . 

AdvatKva for fletd wtii cn e ca , ste— __ 


U, 900.73 

mim.trr 

l!.C>Effi.70 
It 101.32 
252.(13 
30,372.00 


Bslduce. JtteC 30. J&12, deposited wtUi the Treaiturer of tbe United 
Stuteii ---- 


106. 533.33 


33.00a 00 


ira.taaer 
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By fttithcrity, your e^cecntiTe commUtee ngam employed ^Ir. IVil- 
liam L. Yaeger. n public aewimtaut of ihh city» to audit the receipts 
and disbutBements qf the Smith^nian Institution during the period 
coTered by this report. The following oertificate of e^camination 
supports tile foregoing staternGni^ and is hereby approved: 

Wabhisoto*'?, D. Qi Auffv^i S. 

iGAfxtmvK; Committee; Doaid ar 

I hnvo 6xAiiiii^ Lbe accoimts aiid rouebers of tke Smithsoaiaa 
tnilon for tba UacoI jrefir andla^ Joao 30^ 10:12, aod £«rtlfj' tbe foIlowLa^ to tie a 


coiTwt 

Total receipt__ _ _- ----- |10T,10a31 

Tatfll dE^btir^tneutft—. . .. .... .—. lOfl.TiaaSS 

Ex-C&sa of w&lpta over [Uflburiotuoati _ _ ^4- 4^ 

jLEioant ftqm Jul/ I* ISll- -- -. 52,425^00 

Balance on turn*! Jtino 30,1012 -- —,, 33. OBO. 00 

Balan(^e sbowa by Treasofy slaioiitPrtit Juno 30. I0i2 - __ 36,T33.M 

Less outBtaadlnic rbedw_„ ——-- - ---- - 3,07-91 45 

True balaocc Juno m 1S12_ .... 33.000- OD 


TTn? TonchtTB retireBcnUa^ jiKiylTieQta front ttie ^ItliBoulan Infoma durStie tha 
year, eaeli cf wblcb bc^ra tbo approval of tbe Mcretarr^ or* la Iits obseiWi Pf 
tbp nc!tLu 9 ^ BecretiKT. naJ a eartlOeate tbnc tbc miileriiilB and scirSces ^^bnrjjed 
ware applied to tbc pur|>o«ea of tbe iDEtltntlon, h&y^ bem e^atnlnod la Goaaec' 
tlQQ witb IbG bookn of tbo laatltaUan amj Agree wLtli tbizm. 

(Signed) WiLLiAit L. Vaiceb, 

PH&jfp doooantaal ontS Audiior^ 

All moneys received by the Bmithsonian Institution from interest, 
sales, refunding of moneys temporarily odvonced, or otherwise, are 
deposited with the Treasurer of the United States to the rredit of the 
Institution^ and sll payments are made by checks rigned by the sccrC' 
tarjv 

The espenditunes made by the disbursing agent of the Institutinn 
auci audited by the Auditor for the State and Other Departments ate 
reported in detail to Congress snd wiU bo found in the printed 
document. 
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Yotir raimnittee bIeo presents the fnllntting auminnry of appropria¬ 
tions for the fiscal year 1012 intrusted by Congress to the care of the 
Smithsoninn Institution, halunces of previous appropriations at the 
beginning of the fiscal year, and amounts unexpended on June :t0, 
1912: 



AVklUlalilii 
■Jl«T JuJjr 1, 
IfflL 

llttJjuaH 

IwMlplUU. 

Appraf^lAtldfii oeEsualtlptl Cwipwf Id Iba ip&tft of loiliLalioa^: 

l>'Trlinti|rVM| IftlH_ _______ 

III AT 
Spmei 
stfisa.iMi 
nirm 

*».IT 

6.01 

L5:3-U 

mai 

3,^14 

iimi? 

SfBB .73 

M.n 

1 4£Er 

0&C,04 
MAOS 

ifiniao 
. 2S7.D4 

37.365.35 

la 13^ -tg 

liitdauikiDaJ £iiEhanjriw!! 101 k .. 

iDCvtwuimi tuxchiu^H, 1 oe:,, ,. ,„,. _______ 

Afiwirimn ElbaalD^Y. lOlD.. \<........... 


Attwfirtill EEhuolotfIF^ l'B3l....,-x^ .^,.^.____ 

Anuirlratt EtlLbubofCI*. ___,.,, 1 

IJI,^ 

AAtnnt^Txi^ OTjwrmitOTT, ,. 

JLctro^Vjknl O bswaiorv. IMI . . . .. ... 

Lora^zr 
lanjoicx^ ! 

Axtic^Titlc«] GbaerriiiKcirf-, Iftj........... r,,,,^,—4^, 


Irilfnuilkia&l CatalocDv, .. 


1 L rl 

Tntarb&Lkillal-CAEJtJiMLM. IIKI. _. . ... 

43TxJJ 

7,500,05 

H^DQ 

Xnt«Rntl«f»l ... . 

H.-fiillhaBifilt>n ftiifliffffy, . . ___ ^ 

-- 

Niitkmail 

l^omllim and OxtttrHyltia,.. . . .... 

PUfUiiilfA^odarmni^llIlL - 

Fiimllam ATuI 

.,„xx,-„.xx.p 

10.35 

34ple€i,l5 

IT^DQQ.OO 

5,653-11 

60,000.0:3 

300,055.00 

15.66 

TfMtlnfi BBff lirhtinv,, 191(1 .. 


.. .. 

nHdBf lod li^EniXi 1^31- . .. - - - ip-^ .... 

PftttemiiUaO DfODUfiC-tldAi. llfEO. J,.__ 

III” ill!!!"” 

AUA30 

A03A«I 

«5,7Mktl 
7kO50 H 
Am 37. 

% bld 

Pj-Bbei mlioo DfcDfkdJnU, I'ni-,. .— k-,—,,,,- 


rrMBmUoa afwfflcetiofii^ 

Rnnki. 1910.... _______ ___ 


fla^p 19! 1 p X. , , XX , , , , XXX , , , XX- 

mit06 

43,75 

0BQi35 

OqDkVp lil]^Lxx ..... 

SpOnLOD 

moo 

Foslm. 1BE2. .-.... 


DuUdfaiEiviiaim, tlll0.p.«.xx,,,-..,-.—,,,-x,—. —,,,x-. 
BitfJdtflJt 1911 -,,.,*xV,p,;^xx+. -XX 

Ba£ljtEBKnmln,t9l2,. ...,,,,, —p-^ — p,--^- 

gitaaFttp NklhiAil!!lfEarum. —,,xx.,,,.,. 

mm^-r^ymmmwmmm’k^ 

3.511,37 

lA^SOOxOO 

K.WHTH 

4,60 

«.Sp,63 

lAnmoo 

im» 
IDA IV 
A76L« 
LfiTLSfi 
iLV 
10 l 7 I 
ABTOlI} 

.. 

,i b ■ -t 

iruibiM] KArtJdtfWi Piui:. lofta-xv. _ __Jx. - 





LOwrted bicndll gf isrptn hmd. 


fitcirrfnmr ineiffliifr fjT&m fund nn4 /fum nrfrfy 

§»urf.e«, accrued ^nd pmEpedir^^ orirflfirbZp ^nr ^dinff 

Jgmi $&, JS/.I 


Balance Intw: 30, 1012^^__ _ _ r ^— - --— 

Inlxut^t on fanil eEirpo^lnkl la triilKKl Stnies Trefumiy, 
duo July 1, 1012, Jiad Jtto, 1, |33,f^.0Ck 

latarpstE on W«t ^hore JL R, twndap JtiI^ 1, 1012, 

and Jan- 1, 1013--Vmoct 

£xclulnR<^ refill ot |mb1lcatli:in^ rentals, etc_ % 30 

DepgalUi for ificcldi^ |rtirt9m»s---- 12,0rto*oo 

-TS.87aO0 


Totnl nTallflble for ywir endlti^ Jiintf? 30, 1013____ lll,oaS,00 

Respect ftill85ybmittftcl. 

A, O, Bacon, 

Au;xandeb Gbaham Bell, 

Joi|>r DALEKUa, 

Emecii/{v£ Commuted* 

WAfiltiNaTOK, D, C.^ SS^ 19IS, 













































PROCEEr>l^fGS OF THE BOARD OF REGENTS OF THE SMITHSON- 
SAN INSTITUTION FOR THE YEAR ENDING JUNE 30, 


At s mating the Bcwird of Kegonts, held Doconiljer 14 , lora. 
tho following solution was adapted: 

Thai ttreaftef tlae Bcwiril of HegentB of tho SniUbsonlJin 
tlflu AbulJ hoM thftlr (uutuiti meetliig on Ute aoc^ixl Tbiimday in Dee^unber, ncd 
a Kapt>lplii?Dtni7 on tho ioeond ITnirtidnj In Febrtulry. 

In ftcordanoe with this resolution tlie board met 10 o^clock a. m., 
on December 14, 1011, and on February 8^ 

AHNHAJm MEl^TTNG, 14, 2011. 

Present: Hon. James S, Sherman, Vice President of the United 
Stat^ chancellor, in the ohair^ Hon. Edward Douglas AVhite, Chief 
Jusftice of tlifC United States; Senator S- M, Cullom;; Senator Henrv' 
Cabot Lodge; Senator A. O. Bacon; Bepmentative John DiilzeU; 
Representative James R, Afann; Mr. AVillinm JL Howard; Dr. 
Andrew D. \Vlijte; Dr. Alexander Graham Bell; yh\ Charles F, 
Clionte, Jr.; Afr» John B, Henderson, »Jr.; wnd tho secretary, ilr. 
Charles D* Walcott. 


APir>tNTSrE.^rT OF llEGENTa 

The eecretarj' announced the appointment of the following Re¬ 
gent By the Presyjdent of the Senate—Jjricnator He 1113 ' Cabot Ijodge, 
for his senatorial term of six years; by the Speaker of the Hfnise— 
Represerddtives John Dalzelh Scott Ferris, and Irvin S. Pepper, to 
ijCrt'e imtil December 24, J018r by joint resolution of C-ongress, ap¬ 
proved by the President March 1 , 1011 —Mr. John B. Henderson, }r., 
for BIX years, to All the vacancy caused by iIks lesignation of Hon* 
John B. llendeison. 

nESXJLUTIOK Stmj^TIY^ TO INCOME AND FXPENTUTURE. 

Senator Bacon, cbaimian of the executive committee, presented the 
foUow'ing resolution, which was adopted; 

That tbo Income of itte luAtftatfon f^r tho Bacol jeor Jntie 

RO, lOia, he opTT^rlDted for the of the loetlttitloD, to ho ernonOed the 

■wretEirr* wttli the nilvlire of the ejeooutiva committee, with full illEeretSon on 
the part of tto wenetarT as to Items;. 

m 
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AXXUAL REPORT OF THi^ EKEOUTIVE COMilirPEEL 

Senator BH-con submitted tbc report of the esecutiifc committed for 
the ftscal jenr ending June 30t stating that the members of tho 
board had been ^applied with copies in printed form. 

On motion f the report was adopted* 

AXNT7AL REPORT OF THB PEEM.VXE.Vr COMMITTEE. 

Tlie secretoiy^ on behalf of the pertnanent donimittee, presented the 
follo^vjng report to th^ board : 

“C''aWrff^^ patent ^^—Annonneement wjis made at the meeting of 
Fcbmary l&lb of a propose^l gift to the Instituliou^ made titrough 
Prof. G, Cottrdb of royalty-bearing patents* The boards after 
discussion, adopted a resolution referring the matter of the suggested 
donation to the pemiauent committee- 

“Your cotTLinllLee has carefully considered the proposition ctml Is 
of the opinion, strengthened by the opinions of Judge Gray and ilr. 
Charles F. Choate^ jr.^ Regents of the Institution, that it . is mad- 
visablo for the InAtitution to accept the direct ownerdiip of such 
patent rights but that there miglit be no objection to receit^dng the 
net profits of such a gilt. The committee respectfully presents the 
following draft of resolntions to the board for such action os it may 
deem proper^ 

Thiit tho Board ttf Re^tn of rh& RinlrbsQiiliLii IsKiLtnUoti da not 
ilnrij] n for Lhe laHtlluiioii to tuKrome direct awncr of thu 

gift of ro>‘^aJl3r4>onrlii^ lutentH; 

^ RfwriTrf Tliflt Ih^ Bonrtl of Bef^enta of tlie SmlQisoulitn tnFtltudos 

dKitle thiit file liistitutloii nuir properlj aceexu a iloclnmlion cf iruni froiu tM 
on-nern ef the patent! to bold and operate Che eoiua In the itklcrest of the Inotl- 
tudon^ nnd tu owr to tlic entd Inatltutlaa the nei nrodts Lbecefroov'* 

[The secretnry de^ribed the nature of the patetite, covering the 
processes used in the precipitation of solid particles from gases and 
smoko produced in stneltero and cement plants. Ho stated Lliat con- 
sidcrshle injury had Looti suffered by orchards and crops In the neigh¬ 
borhood of the great cement plants m California, and that the com¬ 
panies had be«n snhjoci to damage suits. The precipitation process 
had removed the purticles of cement from the smoke and gases, t'ur- 
therniore, tho smoke in some smelters had been found to contain lead 
and other tnclnis which could bo removed by this proceas and thus 
r rtve a'hat otherwise would bo lost. It was desired to form a corn- 
puny of business men and cxpciis who could manage the patents and 
turn over the profits to the In-Htitiition. The work of the members 
of Ihis compiiuy would be largely altrundic. They would give their 
attention to its affaits vet^ much in the same manner'ns the Ilegcnla 
conduct the affairs of the Institution. They would employ a capable 
manager and assistants, who would look after the management and 
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commercinl develojiiiient (tf (hi? putpritH. Tn thii- cnninfctjon H would 
seem tlfsiruble (hut the company sliotikl have the wupport of the 
InsfUuHon to the estrnt timt the secretary anti the peraianent com¬ 
mittee^ if desu^cd, could take up wiUi the merahers of the company 
(he question of the appointment of the members of the hoard t>f di¬ 
rect ora, that they might be of such experience and ability that the 
best rtsuitfi would l» socuiied from the patents. Without such co- 
openitivB siip|M>rt, it was doubtful wlietlier the men Ijcat fitted to 
guide the affairs of liie company would be willing to serve on the 
boani of directors. Tim would not involve the management of (he 
business by the SiuillistHiiaii Institution, but would strengthen the 
board of directors by the feeling that they had the opportunity of 
consulting witli the eecrctai'y. 

The BOerctnry remarkefl furtlier that tho offer had conic through 
Prof. F. G, Cottrell, professor of chemistry in the University of 
California. Tie represented w company which had been organized 
for the purpose of developing and carrying on the process. They 
desired lo present the patents to a learned institution as a fonndutiou 
for n research fund, and had decided to offer them to the Smithfioiiiaii 
Institution.] 

After dbjcussion, on motion, the resolutions were adopted. 

[At this point Prof. Cottrell was intpothioecl to the board and made 
A brief statement showdug the develppment of The Precipitation 
procesi ” work, and assuring' the board that it wa.i proposed to give 
to tho Institution the very fullest freedom in the use of the fund, he 
and his associates not wishing to be represented in the least degree, 
though desiring to assist in any manner possible. 

Prof- Cottrell gave several instances of the establishment of plants 
ranging from a cost of $2,000 for the first one to a cost of about 
$125,000 for one soon to be erected, and cspluiueU that their work 
covered tlie abating of smoke nuisances, as well as the nmnornic object 
of saving the solids in the gases and smoke, In this way it was esti¬ 
mated that one company would save from $50,000 to $100,000 a year 
by the precipitation of lead from the smoke passing out of its stacks, 
and others had been saved damage suits by tlw precipitation of mat¬ 
ter contained in the gases and smoke passing into the air, which Imd 
formerly done great injury to crops.] 

**Th4! George; II'. Pooea —The committee also took under 

consideration tlie matter of the George W. Poore bequest. The board 
will remember that at the Inst meeting it was announced that Hr. 
Poore had made the TnsLitution tlie residunl legatee of his estate, 
which was estimated to be worth about $t0,000. under the condition 
that tlie income from this stun should be added to the principal tintil 
a total of $250,000 should be reached. Mr, Choate has bwn very 
kindly looking after tlie interests of the Institution and has recom- 
sfiaoo“— HU 1013—0 


118 A^SVAL llEPOfiT ^MITBiWlNlAX IN3TTT17TI<JN^ 

mendwl tlmi Oi^? €‘,’^ir<'iitor Iks Butlioriz^l Io sell ait the liest prices ob- 
tuinable the several lots nf real estate ineltidetl in Hr. PooreV hold¬ 
ing. The executor submitt(Ml bis appraij^al of these properties, mid 
nn independent appraisal tids also been made by a real estate broker 
of Lowell. These differed so widely that your committee has thougl^t 
it best to request Mr, Choate to direct that a third appraisal be made 
by a totaliy disifitei'csted party, ilr. Choate has consentCfl to see 
that this is done al the earliest possible moment. 

The Lntiffie^ fitnti, —ilr. J. B. Lyon, of Pittabiir*»h, 

Pa.^ has requested the Smilltsonian Institution to rw&ive tiuitribii- 
tio^ia for the purpose of erectiug u motiument to tlie late Secretary 
Langley^ in commemoration of hia work in the wience of aTi^iioii. 
llr. Lyon inclosed his personal check for $300 os a bc^^nning of the 
fund. Vour cx>mjnittec secs no objection to the Institution acting as 
the cubiodian of such a fnnd^ nor to the secretary taking I be matter 
up informnlly with the Aero Club of WaahingtniK 

The A^aery ftijtdt *—These funds reanain in the 

same condition as last reported/’ 

[The serfetaty aaid that in connecUoD with the Ijitigley Monument, 
fund he desired to add to the report that he had heard from the 
ret a ly of the Aero Cinlu who assured him that the matter in question 
would be placed before tlm uflicers nnd members of the dub.] 

On motion, the report of the permanent eorumittae was accepted. 

ANXTAf. nKPOIiT iyy THK PECUtTrAnT. 

Tlte secretafy presenietl tvi^ report of the fi|>cnition 3 of the InstL 
tutioii for the year ending Jiiiid ^50^ 1011, stating that it was already 
before the Regents in printed fonn. 

In this connection the secretary pointed out to the Regents the pub- 
iicatiomi that the Institution buj tf^ited chiring tlic year, which had 
been amuiged cin top of a bookc-ase, and said that since tb^ last annual 
meeting in Beceml^r, 1^>10, the InHiitutinn and branches had 
printed a total of IT3 |mblicalioiLs, aggregating about 9,000 pages of 
tc.tt and (too plates of illnstratiouB. Inclmlcd in this aggregate were 
C3 volumes and pamphlets (LWO pages and 151 plates) publishixl by 
the Institution proper; 105 volumes and pamphlets (4,123 pages and 
310 platen) by the National Museum; and 12 volumes and pomphlel^ 
(3,300 pages and 120 plates) by the Biitcau of American Ethnology* 

During the year the tnatitiition and its branches had distributed 
about 200,000 copies of their various pablicatioiL^. The pubhentiong 
issued by the Institution proper comprised the Langley Memoir on 
Mechanical Flight, a new edition of the Smithsonian Physical Tables 
a series of papers descriptive of some of the iwiUs of the African 
expedition and of the biological survey of the Panama Canal Skme. 
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and of biological and geological work in tUo CanaeJian Tltiokies arift 
anthropological work in Ppni. The annual report of the InirtUntioii 
for IfllO wm also issued bh a complete vniiime and in small editions 
of the 3*i papers in the AppeJidbc on the usual wide range of topics. 
TiieiTs were also in press a Bibliography of Tint a report on the geo¬ 
logical struct lire of the Alps, a physical study of the natives of the 
Kliarga Oasis in Egypt^ and several zoologicnl and botanical papers- 
The secretary added that the B^fuseiim publications were devoted 
almost entirely to biological lopics^ and that those of the Bureau of 
American Ethnology related chiefly to researches on the histtoryt 
langiiiigeSj and habits and cnstoiiiB of the American Indians, 

On motion^ the report wa^ accepted. 

THK iJiSQUm MEAIOULIL TAB LETT. 

Senator Lodge^ ehairman of the com nut lee on the Lurigley memo¬ 
rial tablet;, presented the following report on behalf of the committee i 
“ Since the report of your commltt^ at Ihe la^it anmiiil meeting of 
the board, on December 8, IfllO, Mr, .Tohn Fknagan has presented a 
plaster ca^t of the model of the tablet for coiL'^ideration. 

“Af the result of its deliberations your committee suggests the fol¬ 
lowing resolution for sueb action as the board may see fltt 

AfiQfccef> Tliat tlie tablet an pTifa^ntukl itwlay he Jieee|at?d ; au4 that In niidl- 
tfaa to ih^ aiim of for the tpuil^^l the Hcalptor he paid the suzd of |1.000 for 
cnflMaa in brOHte nail and iliilrerlag the halfihed tahlet readj for erwv 

lioA In the In^ltattoa the tahlot to cfintala the fol lowing worUIn^: 

SAMUEL PIE;EPO>:!r LA^^GLKT 
1834-1006 

Beeretao' of tbe SuiiLtiJiiunlaD fi^tltatloa 
1SS7-1000 

DijBcovered the TelaUon& of speed auH tmale of laclIuatLon to the Uftlof power 

of rtirfacea mortaa Ja air 


**1 have brought to n clwpie the portion of thp work which Fccinpfl to he Btwclallj 
mine, the UemeoatmtloD of the practicability of mechanical 
The great oiilverNil hl^way overhead is now soon to he opened —LJtacctiT* 

laoi. 

On motion, the rcsointion was adopted, 

ACKNOWLEDGMENTS. 

The secretarj' read the following letter from the Hon, John B. 
Henderson, whose redgiintion as a Regent took effect ^darch 1, 1011 1 

Maxch tail. 

3il$t Wauwt: t am macb gmt(1l€»(i fhhI pieiirteil hy the rM?Ept af Hie 
bMutJfaliy eu^oe^ed reaolutloua ahd of ynur wry kind and u|pprcclJLtlve letter. 
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Ap^^UoD with the luatltqtlcai wtka alwnjtt 4tiUKl*tfiiL niid I u«?d liardlj 

tbnl I sliAll eoDtInue Jt* Jytifi es 1 IWo to rnke the ke^mest Interest la the 
iijiit welfare of the SoiitliBaiiiJan. ^Vttb nmn^ liumks, I niSp 
VeiT RlnecreJy, yoitnv 

J. B. UfL^DEiaoT. 

The iiuecr&lJiry r&atl tbe following oKimet frfsin a letter hi relit- 
tion to the rcsolutiotiH atlopteil hy the bcwircl on the cfeatli of Cliief 
Justice Fuller: 

These resolGtloiie an? n fitting nad aiiprojitinle tribute Iti thr^ ime ohflrbCDlIoT 
of the Iiiscltytloa, a mu\ of streh ninlaLiEc and attmctlvo ctuirueter Umt I cun 
not iloubt hiB aSBuelateft oil the board stucetfeiy nKium^l Uidr luaa In bis deadly 
I twg to espiwi ipy upprecliillMi of ibc ncUon of the board In tills mutter. 

THE FUl^l.Elt MHMOtElAL. 

The secretiiry stated that at the nieetiug of the board held Feb¬ 
ruary % 1911, tJie following resolution w^as adopted: 

jJr^nJrctf* That tbo seerctarT ho requeated to prepare a suitable mcmoiial of 
the lift? and work of the late Chief JuMloc! Slelrllle W'eston Ftiller^^rliuacellor 
of the SmlChDualfln liuitLtuilou fmm ISSS^ to ID in, which Eurmorlnl Is berotaj 
decldred approved for Inclusion In tbe rtejct unauul rifporlt of EUe Bonrd of 
HcfiCiits. 

The secretary desired to rejxiri that in aerortlance with the require¬ 
ments of the resolution he hod prepared the tpireiiiorihU which would 
be found in the finniiul report just issued. 

SUNDAY OFKNINU OF THE NATIONAL AIUSEUM. 

The liecretary said that at the meeting of Febriiory 10, lOlO, the 
board adopted a resolution directing the secrelnry to provide for the 
opening on Sunday for a period not longer tluin five hours of such 
portions of the Xational Museuro fifi he may deem expedient.^^ 

He de^ured to report that the requirements of the resolution had 
been fulfilled and that the new hiiilding had lieen opened to the 
public on Simdtiy afternoons, beginning October 8. Nearly two^ 
thirds of the exhibiiion space had been made accessible by introduc* 
ing temponry InutaJIation? whera the permanent arrangements were 
not completed. That this innovation^ which had been urged for many 
years, wwld greatly increase the usefulnesa and popularity of the 
il^tuseiim was indicated by the large attendance, which i-eeehod a total 
of 15,4fi7 persons on the find day. This uniisiiul mimber, largely in¬ 
duced hy curiosity, was not repeated, but since then the daily Sunday 
average had been tielween *^.000 and 4,000. which is not greatly helow 
the weekly average previously. 

V^iih the new building was structurally finished in June last 
certain minor details remained to bo completed* such as the painting 
nf the interior of the rotunda and the final part of the work of grad¬ 
ing and road buildings all of which had been since compkied. 
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The be-^rt efforts of the stuff ^ere being diiwted taw^td tspediting 
the in^alijilions in the exhibition Imlls. This work was advancing 
as rapidly as possible, but the preparation and moimting of speci- 
meiis and the building of cases was reijuiring much more time than 
had been expected. 

Tlie secretarj^ theii presented the following fitatemenls relating 
to explorations cx>nductefl^ or participated in, by the lEistitiition; 

HIOI.OOICAL SURVKV Ofc' THE CANAL 7*OXE. 

•*The secretarye report contained a statement of wtmt had been 
accomplished in connection with thbi Garvey np to the end of June. 
]t seemed desirable that the work sliould be continued for another 
yearj and the serretoiy request eii the Secretaries of the Depart men ta 
of Agriculture ami of Commerce ami laibor tn renew the detaiU of 
specialists for the purposes of the sinwey* The requeisU hove already 
received fiivonthle tmnsideration* 

‘^Special attention will be given during the coming season to ver¬ 
tebrate animals, insecist cru^^tiiceanSj rotifers and other minute fresh¬ 
water animals^ and also to the niicrosoopic plants known ns diatoms, 

THE PA TIL X ItAtNKY AFftlt'AN EXFEUmOX, 

'^Anmjuncement was tiiade at the meeting of the hfiard on Feb* 
riimy 0, that Mr. Paul J. Rainey, of Xew York City^ had in 
contemplation an expedition iw Africa for the purpose of eolleetltig 
notiirnl history specimens which he desired to present to the Smith- 
sonian lustitutioiL At his ref|ueet. Mr. Rdmund Tleller, one of the 
naturalists who went with Col. Roosevelt on a previous expedition, 
was desigtmted to nccompatiy ifr. Ramey. Mr. Heller left Wash¬ 
ington on Fehriiary IT with the exptTtation of remaining abroad 
al^ut a year. 

^'Tlie regions iu whieb these exploratiotif^ have been made lie 
uiosti}^ to the north of the temtory covered by the SmitluiOtiiAn 
African espeditioo, though sliort trips w'tve orade to the soutliwanl, 
nearly to the border of (Jerman East Africa. Several isolated moiin- 
taiui^ not hitherto visited by nature lists were carefully explored and 
the soieotifie results can not fail to of great importance, 

“At the date of his last report, Sovember 3^ iGll, Mr, Heller had 
secured about 700 large mammals, ^,000 small mammals, and 250 
bLnLi. Thanks to Air. Kuiney, this niagniheent collect ion has cost 
the Goverameot only its transportation from Africa and Mr. Heller's 
salary and outfit. In (Jie field Mr. Heller has been supplied wholly 
at Mr. Raineyexpe^ise willi a eorps of fmm 90 to assistants and 
with every facility that ninmy cotdd procure, Tlih unique oppor* 
tunity has tan^n utilized to the fullest extent by Mr, Heller, and the 
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IzistitLitLon may re^i^ itself m fortimate in liaving too]wmtion 
of t wo sucli men, 

Raini^ lias mlimated that ho will probahly conduct an ox- 
peililloti in India next ycar^ and tliat ha will wLdi to havo Hr. Heller 
With him on tliut ocxjfision also. 

TUK UUlLliS FRICIK KX^EDITIOX. 

“ Hr. Childs Frick, of New York City, has oi'ganizeil and fiiiaiirtd 
an expedition into Abyssinia nnder his oivti loadersliip for the pur- 
pciee of hunting find making natural bislury collections. The party 
includes Lieut. Col. Edgar A, MearnsT United States Army, retired, 
who, as the board will remoraber, accompanicii CoL Rws^velt w. the 
Smithsonian AJrioaji expedition. CoL Hcarus will collect and pre¬ 
pare birds which will be presented by Jlr* Frick to the Sunthsonian 
institution for the N'titional Museiini collectiooK. 

“CciL sailt^ in November, espccting to meet tlw other 

members of the party in London, whence they were all ti> protTed to 
Aden, from whU-h jioint they will cross the Gulf uf Aden* and go 
directly into the wlltlemejiSp It m expected that tlie expedition will 
he in the field about seven months. 

HAMILTON" 

^^Tlie Imard is aware that in 1874 ilr. Janies Hamilton muda a 
donation of SLOOO to the Iiii^titiition, the meume of tvhich was to lie 
used for the purpose of providing lectures on scicnti&c or useful 
subjects. The interest on this fund was allowed to accimmlato until 
it bad reacheil Uie mm of f1,000 which was added to the original 
bequest. Under this augmented fund, lectures have been delivered 
by Dr, Andrew D. White and Prof* George E, Hale. The third 
lecture will be delivered by Dr. Simnn FJestier, director of the Hoeke- 
feller Institute for llefllcrnl Research, on the evening of February 3, 
1912, whidii, being the second Thursday in Pebnmq'y will be the date 
of the board‘& spring meeting/" 

There being nu further business, on inotion the board ai;ljoumed. 


MOULAB H^TINGp FEnBITAE.T B, 

Presents Hon. iTeinies S. Sherman, Vice President of the United 
States, chancellor, in the chair; Hon. Edward Doiiglasa White, Chief 
Jnstice of the United State??; Senator A. iX Bacon; Representulive 
Scott Ferris; Representative In'in S, Pepper; Hon. George Gray; 
Dr. Alexander Graham Hell; and the ^retary, ilr. Charles D. 
Walcott. 
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TlE??ICS> ATtOK i^r IiR. JA3IK8 B. AN(3f:i.l. 


T\ie retiiry rf>ad the following letter: 


ANX A^BOBp Mich.^ IS, 

Dr. C. D. W 4 L€ 0 Tr, 

^sr<Ti?lrtr|^, 

Drjui Sin: ^Vllow me to itanler mjr ref^likninlian na rt Rt^nt of the In^ltiitloiu 
1 do rto reJticUiLiUy* i«i« j Inive eiijD>-ett my relatluDj to tthr tKNini imtl to yoiiriH^iC 
OtHl to ^ tmr 

EtLit I um II will he wimr to MiPiHiiat la mj punie line whn cnn 

nttouct tlie ineellupr murv roguljirly tlnm Id nil probiibTHty J MhnH kni oblo to 
i|o in the fuiunv 

With bofit wlsliea for thi- proot^rity of the InstUotloii^ [ nni, 

Yonra. vot^ truly* 


Jakes B. Asoelj- 


Tlui iiocrethry ^ 4 iid tlimt Dr. Angell liuil l^eeii first uppomtoJ as 
Regent on Jnntinrj" ID^ iBbJ^ and had th&pcfare servod in tlmt capac^ 
ity for over.^5 years^ beitig in fact the dean of the ^citizen ” class of 
Regen tii. 

Dr* tiell offered the following resoliiliont which was adopted r 


Whercfia the Boartl &i IteBPlita of tht f4nilttisaiilnn lastltulloo hnrln^ learned 
that Dr, Juiuea Biirrlll Aoaen has letidcml his [^Isttiitloo na a llei^iit* after 
HU houiinilffe j»nr|te lu Hint CH]iticlt^' far over 2S jears: 

|f(»o/isndp Thut the ilealre here 10 nMrd their iitiw:vre rearet at the 

wlthflrawiil from their Iwdy ef m OlEtliiaukahcd n oolloaioie, their upiPreoEntlua 
of the value of liLs servicea to tliu Tmititutlou, aiaJ iheLr itsiaurHure^ llml la thaa 
lesEiealDi? the burdcaii of a loaa Eioi.t useful career ho hcLu ttioir eamoat 
llmt iJio yeata reomlnlug^ to hloi uiay be nJlilete wlith hcalUi and huppluees. 

The dnincellor announced the adoption of the resolutioi^ with the 
anggciil ion that* ns cuiatomoryj an engrossed copy be sent to Dr* AngelL 


tXi'rriiELL 

The secretary briefly sketched the action of the board st the last 
EDceting in adopting resolutions declaring that while the InstitulTon 
could uoi accept the direct ownership of these patents* it w^ould accept 
the net profits resulting therefronj; and stated that he had seen Dr*f*^ 
Cottrell several times ijince then in relation to tiie fottnatlon of the 
Researdi Corporation suggested for the purpose of handling the 
business in connectjon with the matter* He then read die draft of a 
proposed charter for the oorporotion referred to, and said that the 
names mentioned were Ujoso of business men of wide espericnoe—^ 
men of affairs—wbu would be capable of administering a trust of 
the nature described* 

lie further aaid that a suggestion had l>eea made that he, as an 
individiiHl, entirely apart from his enpacit^^ as ^secretary of the hi-s4i- 
lotion* idioufd be in the corporation^ to which the Regents ctiHsenteiL 
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WOHiC VSjmR THE JIARUmAy TfiUST TWO. 

The sccreUrv ^ud tlmt the board haJ been infonned of the tni^t 
fund estahHah^ by ife. Edward H. IJarriman* to be HdtoUibtered 
under tliE direction of the Institution* for the purpose of an exhaust¬ 
ive study of the life of North American mnuiinob hy Dr, C Hart 
Merriam, an eminent liiologist, who is Lliiis occupying a position 
which hfis been pit?vioiiHl\' disdgnated us a Sniith'^nian research asso- 
ciatcshlp. 

Tie stated that Dr. irernain was eiigritged in tlie preparation of a 
c^pmp^chensive work and was also continuing field studies on the dis- 
Irlinition of animals nnd ptnnts, puriiciilarly yji the Pacific coastj 
that during the post year he hud gone over hia vohiminous notes and 
munu^ript accumulations of a lifethne aud brouglit Uiem togetlier 
in convenient form for ready reference* 

He had been infortued by Dr. Herriam that the fiT^i volume of his 
work on the niummuh of North AmericUp treating of the bcar^i was 
nearly ready for publication* and would pn^bably go to presa in a 
short liinej that the second volume, treating of the wolves, coyotes, 
imd foxcifj was well in hantl and would follow as early practicable* 
The secretary said that in this cofinection it was gratifying to note 
that Dr* llorriam was receiving tiie cordial support of naturalists 
and museums throughout the United States and Canada* so that prac¬ 
tically all the zuu^uni material known to exist in American collec- 
tiouH hud been placed at his disposaiL 
It was further remarked that T>r. Merriam was alf^ conducting cer¬ 
tain eihnological investigations among the little known and rapidly 
diaappc^iu-ing Didion tribes of California and Nevada j that from 
these lie had already collected a l^rge fund of original material, relat¬ 
ing chiefly to dUtribution* languages^ and m3"tholDgyg nnd had, in iid- 
vnneed ptopiratlonj ii l>ook of creation stories and otlier tales, ar- 
ranged on the plan adopted in his volume on the myths of the Me wan 
Tribes of California, already published. 

^ KKPORT OS' EXPEmTTOXa 

Tlie secretary tlicm made tlie following statement regarding expe¬ 
ditious nnd other matters of genenil interest: 

^'^The Smitlusonian African ex]>editian under Col, Roosevelt un¬ 
doubtedly created a wide mtei^est among the friends of the Institu¬ 
tion, and opportunities Imvo nccum^d to l>enefit by similar expedi- 
tions undertaken by private initiative,” 

^ ifurccy of i&e Pafuuna Conol iIcntEoti has been 

made to tlie board and in the ^rctary's reports of the biological sur¬ 
vey of the Canal Zone. Tl>c work has been laiiler way about a vear 
and ie not expectetl to be concluded until about the middle of the oom- 
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JUg snminpr. Data of much itnpori^acc Imve Imh^h s^uredi and the 
results of the expedition will bo certem to justify its orgaaizatioiu 
Many con tidies have tseen received from the Departments of ^Agri¬ 
culture, War, and Comrnerte and Labor in the a.%ignmcnt of sjweial- 
kts for the work, and from the Panama Stemnahip & Eailway Cn, in 
providing for theJr transportation, ant! due acknowledgment has 
been made by the Institution. 

The Pant j. Raitie^ expE^ion.—^h^ board was informed at the 
meeting on Pebmaiy S), 1011, of the mtention of Hr. Jiiitticy to jnake 
au expedilioji into BrdMi East ^Africa lot the colleetion of birds and 
miinmials^ and of hb invitation to the InstitiitiDn to send a Datunilijst 
w itli hinij wJio would prepare these collections which won hi p re¬ 
sented to the IiistitutiurL Mr. Edmund TTcller, wluj accompanied 
the Sinitbsoidau African expedition^ designateil for thb duty, 
and left lAaishirigton on Fcbniury 17 Inst. A brief report of the 
work was made to the board at the December meeting. The expciliti^m 
h tiow coinplefed, wiih results most satiafactory to Mr. IToller, w'ho 
IS lU present in Ix»ndcn studying types of mammals, lie will shortly 
return to Wrisliington to put the colJcction in order, ami a report on 
the expedition will be made later. 

The Ffick ^xpt'dilhn.Sa in forma tion has Ijccn received 

from this expinlition later than that i>resentwl lo ttie Imard at the 
December meeting. 

Borneo eitpeilfilofL ,—During the pat^t. 10 or 12 yearfs Dr. W, K 
Abbott, of PhikdelpUiiiT has been exploring the Malay ArL:hj|>elrtgo 
ntid has given all of his collections of vertebrates and ethnological 
material to the Institution for the Unitefi States Kational Skluseuni. 
Tiiese contributions, so far us vertebrates are conccmecl; lire umloubt- 
erly the iiioHt iiupartant over received by the iluseum from any one 
person. Illni'ss has recently put an end to Dr. Abboti's pcr^iOnnl 
Avcirk, hut bi-H intert^t in the Institution does not seem to have al>aterL 
He has mrently offered to pa)-' the salary and e_t|ienst's of a suitable 
man to continue the explomsion of eastern Borneo, wiih the inten¬ 
tion of further addliig to his generoiis gifts to the IimtiiutiunH Upon 
acceptance of Hit offer he engaged the servies of ilr. ITarry C. 
Ravenj of Xew York* and placed at the disposal of the Im-titution 
the mm of $^i,000 for the purpose of Iwginiiing the work. A very 
recent letter from Dr. Abl>ott, w‘ho U now in England* eontaiti:^ tiie 
mfomiatioii that he will transmiit to tlie Instil uihin a further sum of 
$2,000 in order lo meet u total expenditure of $5,000 if necessary in 
the conduct of the expedition. The outfitting for tlio trip is now 
under way. 

Siberian Tlieodore Lyman, of Cambridge, Mass., 

has recently invited the cooperation of the Ini^tilution in an expedi¬ 
tion to the Altai Alountaiiej, Sibermi during the coming summer. 
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ITe olTiers tn [my all esp'^iises, except esilary, of a repr^ntative of the 
InMitiilion, ycho wiil innkc naturahhiston^ tajlkclioos, the marnmals 
to be deposited in the XaiiAnal Museum. Dr. Lyman is in corre* 
spondence yitli the American euiha^y at St. retersbnrg ns to the 
probable safely of such a jflumeyj nnd will start at iin enrly date if 
indications are hivoniihle. It is e.Tpected llnit Mr. Ned iTollister^ a 
Museum natunaliMt, will Im designated to accotnpnn)^ Dr. Liunan. 

^Smitksmtan Aig^ian ei^pedW ^^—For several yearSt has been 
stated in the secret ary's I'eports* the Astrophydeal Observatory of the 
Institution has been engaged in ti study of the solar conslant of 
nidittlion. Tlic work has been conducted under the immediate super¬ 
vision of Mr. Charles G. Abbot, director of tlie Observatory, whosu 
studies at Washington^ D, and Mount ’Wilson and Mount Wliit- 
ney^ Cal., indicated that the sun was probably a variable star, its 
radiations fluctuating from 2 per i^nt to 5 per cent during irregular 
pericnls of from Ti to 10 d^y^r dtimtion. This lack of constancy waa 
so important that it seemed necessar^^ to test it further by nicaris of 
smultaneous observationa held at Mount’Wilson and someothtr higfi- 
altitiido station remote from that point where an equally cloudless 
atiiiosphere existed* 

^ J!r. Abbot selected Algeria for these additional observations, and 
in July last esinblished a station at Bassour, where until November 
ho carried on tlie work w'lth the assistance of Prof. Prank P. Brackett^ 
of Pomona College, California. Siniilar observations were made at 
the same tiiue by Mr. D B, Aldrich at the station on Blount Wil^n, 
which is sepamtcfi from Bossoiir by a distance equal to about one- 
third of the earth*s circumference. 

“ilr. Abbot, though hampered by some unespectedly cloudy 
weather, made successful observations on about Uiirty day^, and wdiile 
much computing and coinparing rcniaki^ to be done before the final 
results can be stated, a strong hope is ei^tertained that they will go 
a long ways toward definitely solving the queistion as to the varia¬ 
bility of the sun. 

“ Tho practical bearing of this wark U important Weather fore¬ 
casting 13 not as yet an exact science, being in fact, except m the 
matter of pronounced storms and hot and cold waves, but little more 
than refined guesswork If nidiatioii proves to be a strongly con- 
trxilling factor, forecasting would he niuch aiuiplified. 

NATIOXAL iLL SEUM. 

Preparations are now in progress looking to 
the temporary exlubition, beginning in April, 1012, of a seketioR of 
objects from the Charles L. Freer cuHectiou of American and oriental 
nrt. One of the large balk in the new Museum building will be 
used for the purpo&e, and during a |ieriod of about two months Uie 
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public will bi^ tho npporlunity of judirfrig of i\w iinporiaiieii 

and varied diaractcr of lUiii noUtble gift to the Xation* 

MAKKKT StlEDS. 

bill bai? ls<%n lotitsduted in the Iloufie of Itepresentativ^a at 
this $c^!^on (It. K. 1D127) whieh providei^ for tho erection of steel 
shelter slieck for market in the vacant sf|iJflTW!^ known 

Hayinarket Square, ciireclly opposite the north front of llic new 
building for the ^Museum, IVliiie these sheds migJit tend to make 
the square moro tidy and presentable tlian it k uow^ the placing of 
such structures there would point to an intended long occupancy for 
niiirkut purpc^scsj ^vhidi k much to lie n^gretted* A sketch jilan of 
the square was shown^ 

IXDIAX MEMOUJAL mHAVING. 

^ Tdentieal bills providing for eui American Imlian memorial and 
mtisoiin'i building and the assembling of a collection of objects re¬ 
lating t<i the Indians of Xorth America were introduce4l in tlm Sen¬ 
ate ami House at the beginiiing of this session. They are numbered 
S- SiJ)53 and IL E. 16S13. 

‘^The Notiomil Museum is the legal custodian of the ellinological 
and arch 3 >oIogical collections belonging io the Government, and these 
are now aseeinbled and their public e:xhibitioa amply provided for 
in a monuiiienfal building which hm co^ ^3,500,000. It is not im¬ 
probable, how^evtr, that the movement instituted by the Order of Red 
Men of the United States migtii result in bringing to Washinglon. a 
very large additiomil amount of Indian material which would be of 
value' but, should the imiuiiirc receive favorable action by Congrossi 
tho memorial should be placed under the supervigion and control of 
tlie Regents of the Smithsonian Institution iustead of the Secretary 
of the interior, Oidy by such an arningemeiit could the proposed 
new colletriojis he properly correlated with ihi^ belonging to the 
national collections; and, furtiiermorej such relationship with the 
In^itulion would insiiiie! greater economy of management, O-s the 
Institution already has an experienced administrative staff in the 
National Museum. A repressentative of the Improved Order of Red 
Men has given ast^umuee that such a relationship to tlie Institution 
would be entirely agreeable to the order, and, acairdinglyj when 
requested by the chairnian of the House Committee on I^iiblic Budd¬ 
ings and OronndH to indicate the InsUtntion’'s view of the bill, the 
follow'iug letter was sent: 

Dens &ia; I i& avkutpiiTleUae tlie m-eqit of joar couimiinlceitkrn of thp 
ISih Juntftfit, Iticlofllni? n rQpy of IJ. ti. luaia, a hlU ■' ri-oTlUloa for tlit 
mveUou of on AiaarlenD luaiau utemiirlal nM ninseuai biUiaiug In the cllj of 
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IVfliiurnfftoil, Dlsirtrt of Ooliunbtn,^ und requs^lJJijs fiw'h iinta relit ting tliort?to 
fiF [ mtsy be nbSe to nsteemlilo- 

r wonkl Hmt noti^ Ibnt tUe moltor wuh orlgUindj bronfflit to th# utteotlDn *f 
ttio fiJsty-’flrst Congrf'fi*, tblnl K^sfllcm, in klentlcnl bill# rabmUtcd to the 
nnd House of nepreHsntiitUes, lit wLlcb, wbll-o ibe ertcUon of KU^h a mopieutii 
hulkU^K wiiM i>Tovldcd for. the t^eclsi object of the memorln; wo A not atatj"ci, 
*Vht^ Iireaetit lilll etpreftttly tliu objci t of the mus^uoi. nninojy, to lionw 

mjdt rdSi'o ri^lallnu prowitniobSy to the Amoricaa Imllmis an may he cohLrlbnlwl 
fot ihe piirjHW ftoni jirtvote scTEJTfif^ one of which, a pntrlotic ongnhlxaUoiLH la 
npeclilcAby ineittloTiHl. While It U liot bo stat^aK Lt li namiMied that the coutrl- 
hatioiibi ore lulendeit in tie of llio tmturo of jjlft# to the (levemroont omS there- 
fLire t 4 > hecoiwe ll^s nbftihiLe property* thoufifa the offer of lotiti eihlbltfl hi to be 
ixpectiHi and iheSr flccc^pronce U to be conEd doted a proper luuneimi fiinirlkuL 

Th(+ XaHonal eooBtitnted, by net of CongrM of August 10^ a 

TiirL of lUe orgEmlwi Ltou of the BmlElttwnluu luatktiilion, Ja the di-lioftStoiT 
all Ginemtnent collectlonfl. In which the subject nf ibe Anierleflii ludlana U 
otie of the nawt T»tonilneut hiitl iiaopt e-^tenelvely rei:irp«t»nt«l. TlUMHi eolleellcmt 
jijue re^iiUetl from ttrorertimeiit survey'# ntul exp^Utlnoa nuO from ooutrfbotlons 
from mniliy jirkalo soilttrea In the new bultilbig recently coKiplotod for the 
^'athmnl MtiSLUim at o coat to the tSovemmcnt of P,SbO,000 umX conLilnlng some 
M 4 iciv^ of lloor spuce. iibont PTie-lhlrd of thF ftfen la devoted to the apbjeet of 
idhuology und nrehreoingy* llliiiftnittvch tern Inly of UiC North Atnorlcun IndLann. 

Wttli fefemiee lo itie niiEmorlnl und lunwTinj provided for In IL TL I 

hi! re. lK*idE» ibe fjscta recited In the bill, only certain fi?eneml Snfoniuitlon 
obfjiJiietl Informnlly* but I have liecn given m underamnd that If the propwaed 
ineflanre Is carrftNl out the Inftuftncea butat of It «re fntffleloutly wide and 
pot Flit in wm to be hroiiffhf to Wu^liliiRton a lam n mount of mateii^hl relnb 
Ins iho IiKlIdTiK of the enniitry, which would othiirwSjw remain w^attered and 
uniiva liable for study . If I hi# he the It would aotuu tluit much good 

might from tho movemelit, 

Tbefe Is one matter eovoml by the bill, howover. to whltdi I would tUTite 
Fpedal attoutiom Tt \sx prolKiswl thul ibu tKiomorlfil be under the anperrls^oo 
ami ivjntrol of iho Hr^reiar^' of the Tnicrlor. I am not Itiforuied aa to the poiii- 
How ur wliibs^ of th^ r^eI^^.ttmtillt of the IntvJtHnr la the mutter, but I reisiicet- 
fully nuggest tliatn In cuise the bill bo couftlilfavorably, Ihe quefitlOh of 
placUig the meiuorhil and mu#@um under the castody <sf tbe Regents of the 
BmHb’vQuIan Insriitutlon bo Rhch #erlona tbougbl, iduce with itu experlenoed 
admliilsirallon almuly i^tublEished If woukl apiToar that tbe affBii:^ of I he PfO- 
pnuseum might he coudtictoil mure ecooumlcfllly under the Ifurtilutkin 
tlma olbcrwlFt Tbo ciiportsinliy would iiluo thus b* affurdevi for coordinating 
the ndb^tloufl wltl^ tbuBc tu ibc Xntlnnul MuBonni la nucb hmnner us lo secure 
tbo Iwl rtfflulls for ibe public^ 

TIu" eo|iy of lUe WU which j*oii furwutiled Is retuniPd herewith, aa nK^nested. 
Very tmlyK yoursi, 

OiiJLUJEs T>, Walcott, ^ecrifftfry. 

tllie linaumblo ^lomiiff ^iirEiTAHii. 

r/iiTirmau, f/ommiirre PuhUit OrouuElji, 

KfuiCA IfwMse iif Rc^ri'^eniaiiveM, iFoiAInj^tau, D. C. 
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DlSTIlIBUTiON OF OOVERNJJliMT PURUCATlON^i ISSUED USPER 

ITIE tXSTlTl'TIOX. 

“In 11 nicfSttge to Congress, dated Fcl)ruary 5, 1912, the Presidefit 
Iransmils three reports from the Commission on Economy nml EK' 
ciency, one of which relates to ‘Tim centraliantion of the dwtributloii 
of (.Government publirations.’ On this subject the President rcmnrks 
as follows; 

Tte first Kjwrt teeojiitncnda tbut tlio work of dhflribntlns rtocumeMf* t'V cen- 
trullBMl In iTio olBi'e of Syi'orlflloiident of PublK- llucuuiwiSfl In iLc isovoninient 
Prlntlnc ns n BObmltun' for tko piwMil luotlmd of dtsiribollou tty eocli 

of tLe (lepiirlnicntii, oJIl(.-««, and htiTCJiuB docnmontJi- Tlic (ihiii densi not 

contemplate aoy cluuige in tie itnUiorlty w blvh dotcTHilBes tlie [leriSoEui to whom 
documeais bImII Iw wot. kut only Unit the pliynit;al work of wrnjipliii'. ftiMress- 
Ing, and mailing tie dticuoicntn Hhall he li'Jlie at one phice, imd ttwt tio pUitti 
of manufocture. 

Docnnietjts arc now nrinted nod inuud at tie Prlntlm; OfiW nud Eonveyed W 
tiesn'eral deporfuientsmitl iurenns, where tliey ftfO ifrepiK'd anil nddiwaatfi and 
wnt to tie pool olfire. ami oftcrwnrda foiffl the post olIlM to lie niilrtind station, 
wilci la ucar Uie FrlnUog Oilke. One result of tic proiioseil pEnn will he to 
elltnlnate tils ttmicccaiaary trensporlntton of tie large nuiuher of dofiimonta 
onniTally issued iy tic dcjairtiiieiitii. JJciBirtiuciiUi will Ih; rcllovcd of tie 
trouble and ertpeiiae of hatidUng. oletlag. and accoimtlng for doeuiucnhs; a het- 
ter control can be eicnrised over the iitinihor of copies of d document to lie 
printed at one time, or, Wliea prlnteth tie nuiJiitT to bo imiud from tlma to 
Hme: and tie aHrcniulatlon of imdlstrlljtitHl copies of lie atme doqiijuunta In 
aererel offices will be atoldal. 

The centraUjatloD of tie work of wrapping and ftildresBlnB iloeuiiieniM will 
permit the nrie of the most Iminoved moclmnical ilcvlcw, end n sSTltig of luitir 
that la net powlble wien the worts is done In mfluy offices* 

1 approve tils roOTminfrmlatloii of tie cdtamisalon and eoiujuond It to the 
faTomblc^ ccnifllJemtioQ ot tltc Cemgreaa. 

" It ie considereil that the Irtstitutiop is itself loiter prepared to ni* 
tend directly to the dbtributlon of its pttbl tent ions in the interest of 
the trusts confided to the Regents than through any outside agency. 
The publications of the InstittUion arc not an incidental rwnlt of ita 
work, but something planned for and systemalicallj eseented. fhe 
Institution keeps in touch with all the principal scientific and art 
establishments of the world, and with aU esperts in science and art 
who are promoting work in a line with its own, or who are in posi* 
tions to help in securing collections, information, or advice. A^'ith the 
esception of certain public libraries, its mailing lisU ara, therefore, 
undergoing constant changCB. The publications constitute tin im* 
portant asset, and through their Judicious distribution have brought 
cctums which could not have been obtained in any other way, 

“ Furthermore, a large proportion of tho publications bear a date 
of issuance and must be mailed by or on that date to retain Iheir 
voluo. They are received from the Printing Office from two to three 


dnys in advjiDce «f the dnte, orid it iii int'OtiiTelvtthlti Ltml ntiy otitside 
ngenCT could be relied upon to insure their distribution with the 
promptncKf; demanded. It is, (X*nseqneiitH\ felt that I he control of 
this distrihuLion should remain ^'^licre it is. 

Re])orLs on lids subject were made to the President and to the 
tkHTiiiiJssion on Economy and Efliciency under dates of Sepiembtr 
27 and November Sj las^t. and in these it was bdiowrt that the distri¬ 
butions were made on an exceedingly low basis of cost. In fact, 
all publications except those of the MuseuTn are stored iii and dis¬ 
tributed from the Smithsonian building, which the Government h 
ugiiig with out The tictiial Iiibor of wrapping^ labelingj and 

handling the Stnithamian reports is fumislied by the Ihstitutiom 
and not by the Government. And from all points of view the trans¬ 
fer of the actual worit of disirilHition to Gnothcr Ofdablisbment would 
distinctly tend to rinluce tlm scientiiic value of the SmithBonlaii 
publications and to curtail the Ijenefits whidi the Institution k de¬ 
riving from thein/^ 

HMTTtlWK 

'■‘^For many years the Smithson relii^ tliosc personal belongings 
that were a eloso and intimate part, of the life of the fountler, have 
l»cn cared for in one of tlie south tower room^s known here as the 
old itegents’ rootiH because of its? former by the Itegcub for their 
meetings. Thia room is quite iiiaccessibkt so it was decided to 
arronge the relics, temijorarily at leasb fnr exhibition in the central 
portion of the main hall of the Smithijnuirtn btiilding. They aro in 
special cases under constant supcrvisicm, and have arou^-cd a deep 
interest anumg those who ure acquainted with the histoiy of the 
Institution. Among the relics may be seen: 

C^Pr of tJie ifiJitrlctilfltJoa refflsler of Oxford Fulverffltr. ihi? name 

hT wlj3eh Spiltlwn waft kuowa ia Jjiiuea Ivowlft Macle. 

SSTcnil nortmita of ibe f^nJuAer. 

A portnUE nf atii Kitgli Smitlison, Dube of Xardiujiat^erJaDO. 

TEsIfJiij; conlfl. 

Dlaa^r cnrdA 

Hift Ubrary* 

Prt&ied cople* of paiwfft ofl chemEcal wriltea tir >fr. SSmUason. 

Collect Son of nntomiirhft of idcullflc meti. oti written tn >lr. S^mVtbBOD. 

Hla will. flaowLog the woidlng thfit aioile the f^mUhnonUm InfttlLutlPn pnjsslbl& 

[Incidentally, the t^retaiy spoke of the collection of photographic 
portraits of Begents being made for pernionent preservation, and 
which was on exhibition in the main hal].] 

ADJOUEXTlEJfT. 

There being no further busino^ on mot I on ^ the board adjourned- 
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AD\T.RTISEMENT. 


The oh}wt of the Gk^kiial Appesbj^ to the ABnual Report of tho 
Smithsonian Institutiaa is to furnish brief accounts of eKiJontilio db- 
covcry in particular directions] reports of mvostigatioEis made by 
collaborators of tho Institution] and tnemoii^ of a genoml chamcter 
or on spcH'ial topics that are of interest or value to tho nnmoinus 
correspondents of tho Institution. 

It has been a prominent object of the Board of Regents of tbe 
Smithsonian Institution^ from a vety early date^ to enrich the annnat 
report required of them by law with memaity illustrating the more 
remark able and important devdopmenta in physical and biological 
discover}% as well as showing the general eharacter of the operations 
of the Institution] and this purpose haSp during the greater part of 
its history^ been carried out largely by the publication of such papem 
as would possess on Interest to all attracted by scientific progrosa. 

In ISSO the sec ret ary ^ induced in part by tho dlscontinunnco of an 
annual summaiy of progress which for 30 years previous bad boim 
issued by well-known private pablbhlng firms, hat! propari;d by com¬ 
petent collaborators? o series of abstmets, showing concisely the pram- 
inent features of recent scientlfii^ progress in astronomy^ geology^ 
meteorology, phyaira, chemist ly, inmeralog\% botanj% zoology^ and 
anthropology. This latter plan was con tinned ^ though not altogether 
satisfactorily* down to and ineJuding the year 1SS8. 

In tho report for 1389 a return was made to the earlier motbod of 
presenting a miscaltaneodJ selection of papers (some of them ortginal) 
embracing a considerable range of scientific investigaiion and dis- 
cusaion. Thb method ha.s been continued in the present report for 
1012 , 
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THE YEAB'S PROGRESS IN ASTRONOinf.^ 


By P, PirnieiJX, 

Utmhtr of tho Atodtffi^ ofStientt*, PuiftMtot ol iht SarhOTiJUi AMtnwmtt ihr Pttrit 

Ohmrmiorg. 


I- 

It ia an Ulo^&l pcculiiirity of the hum an miiitl that while it can 
not comprehenil on infinite material universe it reatliJy ref uses to 
limit it. ^ Those celestuil objects which liido theniBelves from our 
curioeitv by their alnrost inconccivAblo distimcea are to the astron¬ 
omer the meet Attractive of aU. He dislikes to realize the invaiiablo 
appcATonce of the nebuls, or that lie can not measure their distances 
with any approach of accuracy. Because he can find no better mode 
of inquiry he improvises one bQse<i upon a rcasonable evolutionaiy 
theory. These impalpable phantoms he puts to the tests of his 
laws of mechanics, of physics, to the reactions of chemistry, a lugUi- 
mate procedure, since it suggests consoquenew the verificat-ioa of 
which he may attempt. 

The spiral nobulK, with their sliarply defined structure and a 
epoct-rum which is a weakened replica not too mucli altered of tho 
sun, takes ns into a region relatively well known. But when we 
consider tho gaseous nebultc, ihoso pale, undefined fiskes so constitiiteti 
that thry have defied the power of time, how tan we establish any 
connection between them ami our daily experiences t Their speo 
tram brings us little help. It allows in the most fuvnrahio circum¬ 
stances four blight enigmatic lines with a few others which can be 
identified as due to hydrogen or hetmm. 

Wo con not borrow any of the sulistaoco of tho nebuha for analysis 
m our laboratory > To look upon each unknown line as an indieation 
of a new clement would be easy but fiiiile. It might be useful, on 
the other hand, to invent some molecular strucluTe for some one 
single element (which we will call nebuliuni) capable of producing all 
tho lines of unknown origin. That ia just what J. W. Nicholson * has 
done, who applied the theory of Johnatone Stoncy and Ritz regAttUng 

j TmOiOiTl hy pifmMw tnm. tlcrth! niti SnktM pmtt Paij^ Jou 3^ ISU, 

PPr 

^ aMJm Bf thg Rgry^ AfllnUhUtiJiai Nw, ID^ KlU 
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th(* * origiD of sppctrum Junes. Willi four ne^tivr electrons irvulvirn' 
flljtuit a iKjsili VO central 13 of the niysleriooft lines were explainctl^ 

an<J with these seTcrttl others which were attributed with no great 
certainiy to bydrogoii and helium. 

This demonstration, of coimse, leaves mucJi to he desired. But 
it U evidoDt in what direction we must proceed to complete it. It is 
very probable that hydrogtin and helium, heeniuMi of tlioir complei 
spectra, are not simple elements. Wlint gJor^' it would be if bv 
some well-dioseti process we couhl decompose either of them anil 
mate Uio completo spectrum of nebulium appear in our labomtorvl 
^Astronomers could then hand over to the chemists a conquest otcii 
mure precinus than was the diseon^ry of helium. 

miile waiting fur the realhsation uf this Iwld fiyntheaia we con¬ 
tinue to proceeil by analysis and classification. All the concluflioiis 
fomicrly held alout iicbuki demand revision because of the auitount 
and value of tlie recently obtuinod photographic evidence. Be- 
cently A. R. I links ’ Jiaa devotod himself to suoli an iindysifi. Wit Ji 
hia wontetl pretiaion he has defined Uio characteristics which iliatm- 
guisii the various classes of ncLuhe and star clustere and has found 
for each clfisa its law of distribution in the Iwaveiis. We must dis¬ 
card thfl convenient ami very simple law wliich stat^jd tho frequency 
of tho occurrenco of nahuJffi and clusters as a function of tho galactic 
IntitlKio only. ® 

Tliere is a clearly marked distinction between the stellar and planer 
tnry nehuin as well as between the annnJor nml ajiiraj onrg. This 
fact gave Stratton * a strong argument figainat the theory of T, J, J 
See, who flilributoil u common origin lo tho last twf» kiiulM The 
cosmogony of Sre, for outrunning tho possibility of ejcireriniputul 
evidence, creates other difficulties, and it aeenuj'to ua that it has 
made no progress siiico its appoarauce towanl Iwing accepted The 
samo tiling can Iw said of tho mntunl collisions of stsiu. Bickmton* 
has come forward aa an advocate of them, and they should accord 
ifig to him, give IdrtJi to double store as well os to plsuetarv^U'Stems' 
A baxarflous tlmory' may jirovc ttsefnl iHniiuise of th„ verifications it 
injcefeilatca. For inatunce, Jlonk* Hlmwe.! that wc ought to keen tab 
on the dtspJaccjiiente of tJie BpRi;t.ruiu lines w ns to know in ad van 
(jf imminent rolliaions, mid Forbes » demonstratod that by a sintila^ 
process we could obtaiu evidence concerning the rotation of cert ' 
stars about tlieir cenlcre. .An nttempt with encuuredng results hi!! 

already been made as to the latter problem at the Allegheny Ohl 
iiloiy- * iJ^S'Prv- 

1 - - — _ 
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The pro bn hill tY <tf n ralitKioii sometinio in tlia globular rlua tejy 
Moms espatially great. They ure consideredj ^ith good reiisoii, 
among tho moi>t cuHona objocta in the heuveiin. If we suppose tlmi 
the closenttss of the stiirs in these dusters depends on the lUstances 
of the stars frojn the eon tors of the dustem, then we may get their 
real ilietiuiees from tlietr nppnrent cUatnnres. IT. C. Hiiimner * did 
so for .Vf i;i ’ Htid found groupings whieh would hnvo been preiiicted 
by the theory of gases in convwti™ uiid Isothemifd equilibrium. 
This is one jnore fact to nmko us believe thni Li dusters us well as in 
the nebnhe the fort e of gravitation is absent or lield in ehock by some 
repulsive force. 

We indeed go yet furtlier and ask wdiotlier the law of Newton k 
always applicable ajnoiig the stars relativoly near for which we have 
been able to measure the ]}uralla.vi^ and prttper motions. We possess 
decided evideiire in favor of the ufEmialive from binary- stars, in 
the fact that thou* proper moUujis fellow directioi^ more often par^ 
iiUcl tu t!io gabLxy tlmn por])aridiciiinr. But there are also motives 
for doubt. 

W. W. Campbell, by means of Jus valuable catalogue of the nnlial 
velocities of stars, has sJiOWTl that tlje Orion apeclmm typo is always 
usaoctated w'lth small velmnties. Tljis aiiggcajliun, resultbig from no 
pracoiU!eiv<Kl id«a, quickly underwent bruailcr developments. It 
has conHcqueuUy bueomo of iiJiil<i®ophical inlemst. We set'ju to have 
gained now in tbo old system of dsaaifying the stars, wluch was 
fomuled upon iucrousing comide-vity in their spectra^ at the same 
time an ascending stale for their velocities and a ticaceiiding one for 
tlieir masses and distances from tlie sun. Of course iJiere are often 
imlividual exceptiu^, and the alwvo rules apply only wlien the 
tro (AT&fjigoTi in gptjiips. 

Tlio consequences of tJieso generalizations have Iwen sktlfullY 
followed out d. llutin.^ It was an advance to iw able to use as 
criteria for a classilicattun the masses and velocities, rather than 
the ages, tmuperatures, ur aijcctram types. The fimt two prrqtertiea 
are more fundamental and morB apt to outer into our fomiube. The 
axisteiico of a correlation batwoeii the masses and the velocities is 
oven more worthy of roimirk. It makes us weoder whether there 
in an ecpiipartition of energy ladwean the groups of etam just as 
there k Ixstwcon the molct^nlos of a gas in oquibbriimi. Siicli a state 
woubi not bave r^nttod under the mfluenco of u Xen-tonian field of 
force including all the stars. Such movements am rather the final 
eonse<,uenco of an initial velocity vajymig widely between neighboring 
fiUrs 1‘ urther, the predomiiiaiioo of yellow- starn near our sun and 
of wliite stars farther away, the existence of an oIlip««idiil dkiribution 
^the tj-^tjectonca in the centnd port of our universe, establkhes 
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the milky T^ray and th^ gr^ai spiral nebidi^ a sjng^ilarlj 
closer aiialug)' thm wo lia4 Mt warranted in suppo^ng until quite 
recently. 

The now star discoYored Det^embor 30| lOlO^p in the constellation 
of the Lkikrd^ has faUowed its predicted eflreefj laduig rather dowdy. 
It becomes more and more certain that temporaiy etarsj even when 
they duw the niddy asiiect of certain periodic variableSp show less 
difference between the visual and photugraphio magnitudes. 

Tho polar star often. usckI as a standard for photometric compari- 
sojiy h^uiiseit rcniaiiis coiL^t<iidiy at practically the saute idtituile, 
sectjns to Iuj-yo ab^Ucated tlmt r6le and passed into the rauka of the 
variable stois. lu order to sliow its variability^ llertsisprutig ^ 
went through tlio discussioxi of 4 IS photogmplui^ eat^h having four 
exposures. Tlie variation imiounta to 0.2 of a magnitude and takes 
plaire in less than four 

n. 

Tin- step from variable stars to the sun is very easy. It is espe¬ 
cially of the recent work of V, G. Abbot.® Ifeasurca upon 

die Liicnsity of the aolar radjation made diuultaneously on Mount 
Wilson (l^SOO meters dtitude) and on Mount Whitney (4^420 motors) 
gavo very concordant results and the pardlol march of the numbera 
pbircs beyoiiij doubt a very decided variability of the sun which may 
amount to a teudi of lie total radiation wulhin a fow days, 

lihv iv{}rk of Abbot tends ako to show that the precision with which 
we may state die iemporaturo of die sun Jms l>con exaggerated. There 
lire ill the suei sourced of heat from 5p0fH}“ up to some 7^000®. How¬ 
ever, the liighor tempe^raturts prt'doraitiaie. Tin? mfra-red radiation 
eomiH from tJio doi^pcr layers* 

Some years ago the of ITalui uppeared to indie ate that 

the rate of rotation of the sun, varying as we knew with the isokr 
latitudcj varied abo synchronously with the auinipot cvcie. The 
invis&tigatiyn of iliis matter remains upon the program of" the Ediu- 
burgU Observatory. But between the results obtained by Storuy and 
those by .\dams at Mount Wibon thtsrc h a systematic difference. It 
might be susptH'ted that ’ttith one nr the other the distance of the aht 
of the spcctroacopo from the edge of the sun was not correctly detei^ 
mined. Or the cause of the discrepancy nmy Ik in the telluric oxv^en 
tines uscil for comparkonsH ' 

llift «=iUblfc.!iecl but not nbaotut^ly r<!giiUr r^rwlation whicii«Tkta 
magnetic diaturtHmee^ and the appearance of sun spots s«*n» 
to bavo been made decidedly dearer by the rijacarches of Rosier, of tC 

I AJl wwriiriw S*. 4Shl --- - —^ 
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olbservatorj at MiL'iuddiK Btwaldj Kiis siiccdiHlt^d in pniving ttimt 'm 
dtich locality there Is a deEmt^' dipfictioii not only for the earth cuT' 
riMit blit aJsto for the disturbed magnetic field and thw place as 
il due to the direct notion of a currefit upon a magnetbed iieedte. 
Another reaull of ihe ^atno rcs^earch to show yet mure tluarly that 
the yeai^ when the sun spots have been the most numerous have 
beeti those when Enelce^s comet has linpcn the most brilliant. 

The total solar ^^rlijiso of April 28, I9tl, was observed by several 
expcflitions sent for that purjjose ti> Vavau of the Tonga Taknd.H. 
The weather was unfavorable. We must mention in passing one new 
resnli, the photograph taken by Father Cortie of the iivtreme red end 
of the bright line spectrum. 

The army of minor planets coutinurs to g^ow^ The ntost inter¬ 
esting w ithout doubt was that observed on October 3 and 4 at^leuna 
and Copenhagen and designated by the letIIT. Its motion deter¬ 
mined at that lime indicated that its distance tvos oa small as that of 
Erus. But it could not be fonrid ogaiti on subsequent days. We are 
foftu^ to Ijelicve that its brighttiess Tories rapidly and that it iviis 
visible on the ear her dates bet-auH^ of an exeeptlofial temporary 
brightness. 

Birklainb Vr'lnie trying to reproduce the eolar corona by means id 
the luminoiis phenomeua about an electrified sphere^ got a very close 
representation of the ring system of Satum. Ha was thus led to pro¬ 
pose a now theory of tht^ singular objectSK Particles of radhuit 
matter^ cimitted from Saiuni^ reach a certain di^tance^ mako their 
revoluliotis according to the third law of Keplorj and siTve as absorb^ 
ers and resotiatoru for the luminom energy comhig from the sun. 

The flattening of the planet Mam and the orientation in space of Lu 
a-ti'4 of rotiition nested until recently upon very discordant data from 
the micrometer, IL Struvo, in a comniuiULuiion to the Berlin Acad¬ 
emy of Sciencc?s (Xov. 30, 1911), showed Uiat by a very laborioud but 
surer process dependmg on the variations iu the orbits of its satellites, 
lie had reached much better Tallies. The bteit series was funushed 
by the powerful iiistrumenLa of the Lick and the Yerked Ohserva- 
toriesi. A very useful series of photographs of the satellites was ob¬ 
tained lit the obaervatory at Pidkova byKosLmsky. The %uro 190.4 
for the reciprcHul of tlio llattemng and 202.7 for the ratio of the fi>ree 
of gravity to the centrifugal force at the equator wOl doubtless rircelve 
only insignifiLant changes. 

Tile topography of die moon will now tava a more solid bams as t he 
result of the catalogue of 2,385 objects published by Samider and 
basLul upon measures of plates token at f-ho Paris and tbe Yerkes 
Ubsenr atoriis. It h already hi use at the Pam Observatory ill u 

study at iJio libration uf the moon. The uncertaiuty of ft position 
derivi»d from ihrw plftt(>3 appears to be less than On our own 
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globi* tht'fu (UPH majiT i^xUMLdiut nr'giona ‘vvLicb have no points so acfu- 
mtelv ([(•lornimed. 

Thu year 1911 saw publisheU the iahU^i o{ the moon based upon the 
theoiy of Dclaunuj and forming volume 7 of the Annales du Bureau 
des Ixtngitudea. Au uitroduction of 112 pages, where not a line is 
supeHluous, allows us to form an idea of the maiigtiude of the tusk. 
Delaunay^ Tisserandp and R. Radaa have succftisiveiy given to the 
task the last years of ihob* lives and were assisted l>y Sehulhof. An 
unalogoua undertaking was carried out iu Ajiierii>u by Prof. E. Bn:twn; 
the French astronornem hy finishing fust have honorably maiutained 
tho tradition cfitablL-died liy Laplace and I.,© Vorrier. All the cirors, 
although very small, known lu the works of Hansen and Ileluuuav, 
have been comocted. But it was tMpoastblo to break away from all 
(impirictsm and tbero remains an inequality of long period (373 yeius) 
discovered by Newcotnb, Xowcomb gave up trying to find an expla¬ 
nation. More optimistic, R. Radau believes the cause can be found 
in cosmic dust and the infra-mereurial planets. 

A new determination of tlie parallax of the moon, due to tlio eoUabo^ 
ration of the Cape and ihe Creeuwieb Observutorira baa bticn carried 
out af ter sbt yeara of work.’ The value gctterully used was conilmied. 

IIL 

Till' reanlt, at first sight rather small, of a considerable elTort, b not 
to be understood as mlnimUdng the desire often expressed of substt- 
tuiingfor the classic method of diarting the sky more rapid and mom 
accurate methods. What is aimed at everywhere is the suppression 
nf tho measurea of moderately large angles by the readings of divided 
circles. Jkloro confidence b placed in measures of time intervola and 
the exteusion of such a method is to bo expected. 

W. E. Cooke jm>po9«l, for the detenninatiun of right ascensions 
not to use a meridian circle but rather a telescope whose optic axb 
when rotated about a venieal axis intersects Ui the heavens a small 
circle parallel to the liorizon. Wo could by such means divide the 
celestial equator, or any parallel circle with ati accuracy comparahie 
with the precision of our boat clocks. The declination of the etacs 
would bo determined from the times whati they reached a tletcrmined 
altitude. The axis of the tdescope must iherefore bo maintained at 
a conatatit alLiludo, At various times the realization of this condi¬ 
tion has been attempted with lelesoopes on floating mounts. Cooke 
places faith in a vertical axis and level. 

Among the disadvantages of the meridian instrument is the nee 
Bity that each celewtial pomt bus to bo separately determined and thTt 
great intervals can not bo measured as accurately as Biiiall nnw. 

iJMsDoftIa Horal Artiamnda] Sdiitrty, Ifm/ta, iMi, —^- 
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That phdtography rt\n ileal with small interwak with rapidity aiitl 
^eat accuracy has been repeatedly shown. But it is desired to 
free tile phatograpliic plate from any dependency upon the merid- 
iun circle. IL EE* Turner^ has devised a very complete scheme, 
lie proposes to gather, on the same plate, images of very distant 
portions of the ekyj and believe he con regia ter with the riecessarT 
precision the Ivogitming of each ejcpo^ure. The plan of Turner in- 
clmlcs the of tTvo photographic Iclescopea mounted at right 
angles to each other in the equator and adjusteil with n prismatic 
mirror. The prujecl has receiveii the approbation of tlie ^Lstrononi’^ 
iciil and i\strs.iph}'s1caJ Society of nAjaierico/ 

But these methods have not received such emphatic approval 
everyW'here- Before the iioyul -Astronomical Society Sir David Gill^ 
Sir Wdliani Clirbtiej and A. E. Conrady ^how'cil nutneroiis reasons 
for fearing errors in the use of the new' methods. Accurdhtg to them^ 
the status of tlie meridian circle in fundamental astronomy h not 
yet. in any way undermined- 

In the pipit J'ivid procwsieij even w'hen recommended by Uhistrioiis 
names, have not tcaliajcil the hopes of their promotora* Such was the 
cme with the zenith telc$ci)pe, or the a1t-ar.imuth as mtroduccHl at 
Greenwich by jUry and the floating telescope in the hanvls of Chandlctr, 
Samp^ion, and Bryan Cookson. But it Li true that photography 
intrudiiccs a newr clement into the problem and the experiments now' 
in progress at Oxford deserve attention. 

The rea<mrcc9 of tho photographic method wiR be yet greater w hen 
it is possible to utilize a greater field upon a single plate without the 
deformation of the images near the e^lgee. Theoretically^ cui^^ect 
plates could he employed which would comport better with the focal 
surfaced uf the objectives. Such an attempt was maile some 20 yeam 
ag^> at the beginning of the Celestial Chart pro|ect* It was not con- 
iiuued in use because such curved plates w'cre not adapteii to the 
micrometrical measuring machines. The difficulty bus been over¬ 
come as the result of recent experiments at the IIar\'ard College 
Observutoiy* The sensitive plate serves as ihe reiver of a metaliic 
box^ from w^hich the air may be removed- The atmospheric prcsstxre 
upon tiro pkte produces the dcsirwi curvature. When the air hiiii 
been reintroduced, after the exposure, the plate Ioshcs its curvature 
and is developed and measured without difficulty. 

A conference was held in Paris in October, HU I, by the represenU- 
liv(-E3 of all the great nations w'hich publish aflicia] ephemeridea 
(France, Germany, the XJuited Kingdom, the United States of Amer¬ 
ica p. Tlic resolutions unanimously adopted after very amicabte klis- 
cussiomt will introduce important economies in efforts, w^hicb up to 


^7l,PtU «2,427. 
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the present time liAve Ujeti dupltcuted. The positions of the planets 
will be determined only by two independent evetems of tiibles. 
Greenwich time will be nniTem&Uy used for tha ophemeridea and 
unity will be observed for the more impoiiunt constants (solar paral¬ 
lax, precession, nntation, abemition). The campnign actively pushed 
during recent yeara for carrying the abarmtion constant from 20.47''^ 
up to 20.W'' can bo considered us havmg failed. The latter figure 
is irrEcotioikblo with the solar pare]lax obtained from the general 
discuBsiuQ of the Eros obeerratiuns. 


THE 


By P, 

Ifmbef of SivnOtM^ i*ro/£M$or af ihe StuitOnniif, Aittonosiff fit Hit PoTLt 

ObtgrvaiOfy. 


TIic people whom wo eliiim aa c>ur direct intellectiiei ancestor 
wi^hoiJ til find nothing in the but spherical forniB and circular 
movonionta. The Greck-^^ lovers of an exact geonieir>% the IjalinB^ 
etiatuorcd c>r order imii logic^ took pleasure in flimple euuibmationa. 
TljOAV^wcnikl not willingly admit into the celestial tlirontj^ clouds of 
indehnite iind complicated form. Such indelimta forms must belong 
to the sublunar world. Comets^ ivitli their hairy aspect, passed 
as metefify, taking their birth and vaEusMng within our alniosphere» 
lu the Milky Way sonio &tiw an accidentderogation of the uni¬ 
versal order or tJic truce of on imperfect joining of tho two Imives 
c>f tlm celestial sphere. Others guessed it to be a mass of number¬ 
less stars, too small and too distant to be separately seen. There 
WHS no ficsed, indeed no possibilty^ of searching ftiiihcr. To thorn 
whom the ittea of something beyond troubled , the exlstonce of an 
empyrean wtxs conceded, a luminous region aituatoi beyond tlie 
star^, to which cniy those hud aoc^ whoso souls had become freed 
from tho bonds of flesh. 

But astronom}^ no more than the other physical sdenceSp has 
kept within the bonds with which slie wua fettered in the name of 
philoaophy. No sijoner Tvas the tdesoope invented than several 
observers used it to explore the sky. Then^ as Imd beeii foreseen^ 
Uic Milky Way was r^olved almost entiraly into aeparate himmous 
pfjjnts. But. it is true, there were found a few refractory pbees^ 
where the diffused wJiiteness persisted in tilling the held of the tele- 
si»>pe. Even outside the limits of tho Milky Way, several such 
masses, more or less perceptible to the naked eye, refused to be 
decomposed. Simon Marius, m 1612, noted the great nebula of 
Andromeda, which suggestetl to him the comparison, somewbat 
trivial yet suggestive, of the flaitio of a candle seen tlirough horn, 
Tim pale glow, watched for many years, seems to rest absolutely 

■ AUdm ik^UviRd bflan Lbr S«diti iim AiuJa tk rUalTveid^, Fe^ l^ls. Tm4l4l«4 Uj 
Ikni turn actoc Sdr&UfliiiuB-H A^. 0^ IBU, pp^ 07-05. 
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uDcbtinged wlieti cntnpured witb tlie udjoccnt atais. Tt is thi'rort>ri* 
ueUlipr a planet nor a meteor. Xl lieton^ to our stin no more than 
to the earth. Aceordmgly, if we admit iho t'opemiewQ tlieorv. we 
must attribute to tliis nebula cxtloasnl dimenaiona, far excoetlii^ tlie 
dUiaiiee which separates Urn earth from the sun. 

N'oris the nebula of v\ndr[>mHHla nn isolated cofio. Christian Hiiy- 
«eii9 made a rlrawiiij* in IGfJO of a uehula in Uie constellation of Orion 
a moro brillbujt and more extended object the oiitlinea trt wliicli he 
found verj' difficult to trace. On one ai<le only was It sharply do* 
lined n^gt the adjacumt sky. Ebowhere it fadeil into indiatinffuisli- 
ablo nebulosity. Does it not Bcem, mused ntiygona, as if here we are 
looKti-f upon a now world, perhaps upon the legendary enip^iean? 
This fischlo vdl soaredy allem the aspect of the stare which shine 
thru Ugh it or are prejccted upon it. 

This sotiiewhaL stumnary sketch of Jluygeiui was only vafrudy con¬ 
fined by tliose of Picard and of Ijegontil who camo several years later. 
X he only common trait, indeed, woa the dark gulf which hollows out 
tho central part. No part €>f it seemed sufFicieutlv delmito for the 
detectiun of {sissible changes. 

Iluring dm dghteenlh ccntuiy' tlio number of known uebuliu in¬ 
creased slowly'. Several, upon closer crcumlnution, proved to ho clus¬ 
ters of small stars. TIiobo whose aspect remained fiocculent, despite 
uU idfarts to resolve tlieiu, often doceivetl the comet aeekm who 
afttsr verification, saw their eherislted hope of making the di^oven^ 
of a new planetoid diBappcar. ifeaaier, more than once thus caught 
undertook to rentovo tliis cause of trouble uud in 1784 publUhed 
a catalugue of these objects, continuing nearly all the uebuho easUv 
swH above Uio horizon at die latitude of Paris. 

At die same time a great advance w’os madeiii England in tliemeans 
of ohsm-ation The musician, IT. Ucrechd, succeeded during his 
leisire houre m figu^ ami mounting telescope ndrrere much greater 
and much more perfect than had ever been made before. In the field 
of ihew inst^enU nebulm appearcil in an absolutely unexpected 
profusion. Thus there arose u now* branch of astreuomy to be de¬ 
veloped ncrechel set to work, aided by his sister Caroline, and with 
reimdrebte ^verence, at the same time puiuulng other researches 
catalogued, from 1786 to 1802, some 2,500 nebulis. Many of these 
upon cJoser e^xauiination, wero into Sitara, W ItiUBchei 

was led to believe that oil could be so resolved and that any one of 
tliese Bcoix-ely visible fiocculent specks would, to an observer preporlv 
sitnatwi, appear Uko a siollor umverso us rich as that wliidi surreuniLs 
us and which is evident to .,ur eyes through tlie milkj- way. 

The work of IV Iferechcl was completed for tlio Southern Hemt 
^Jiurc by Ins son Julm, who transported in IR34 to the {’ape of flood 
Hope one of the Lest IcIaicDpes constructed at Slough bv Iiis faUier 
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Unflcr a sky mo» tmnspArpn^ than t-Unt i>f En^liLnit the liHrcest wtt*< 
yet rieher anil the general Biimnniiy^ pnhllqliw) in i.se! gevr tho 
poMitions of 5,07!) of tlieae objects, A'ery few nebula: found [ntcr 
worthy of interesl cHcaped tho eyo* of the Herseliels, 

No thought was token nt that time aa to what could be tho origin 
of these curioiis ohject^. Their vague aspect gave little faith in their 
pennaiKincy. At (me time tho hope was held that they might lapidh* 
change befort- mir eyes. Lar>!ac«, after meditating upon the ^heri- 
cal or flattened figures of tho planets, upon tfie oxiftenco of tho ring 
B^'steiii of Saturn, upon tho elicit* coincidotice of the pianos of the 
equators and the orbits of the planets, became convinced tliat the 
sun and the planets must have once been ports of the same huge, 
very dilfuflc cloud. We might then expect the liietory of the sf)Iar 
sj-stetn to n^peat itself among the many other nebulous clouds in the 
nealnis of space, 'What would bo more natural than to sec among the 
nchuJiB Buccessivc sk^es in this cvoUition from such clouds, the 
material of suns and idanots of tho future. And, »cci>rfiingly, he 
devised that celebrated hypothesis which has since Irecn the cause of 

Riaiiy polemics. 

For the ennvenieuce of reasoning, l>aplace gave to hU primitive 
cloud a figure of rcvolutiem, n general rotation about an axis and a 
density decreasing regularly from the center outward. Upon all 
those fminta the great mathomatioian showed no spirit of intnlerancc, 
and would have willbigJy consented to improvements, lint it was 
much later that objectioiiH wore nusi'id. 

Tfie assiduous observers of nebulie found that these ubjects were 
mostly of a much h^ss simple structure. This was shown find by the 
princip^ nebula of Orum, whicb wikj selected bi'cauea of its extent 
and brightness. Within the same limits where Huygens drew a 
uniformly bright surface, astnummem jinisided w-itli better telescopes 
found strong contrasts of light and shade, filaments and entiingled 
jets, indication.s of physical ooimection botwcon this cosmic cloud and 
numerous stars, jVll thr«io points aro rcvejdcd in tlie beautiful draw'- 
iiifFi left by J. llerschel, Do Vico, W. Bond, T.asseU, G, Bond, and 
Rossc. The divetgenciiis, often striking, may be interpreted 
through the marvellous pkt^ taken by Prof, Ritchey ut the Yerkes 
Obscrvatriiy and at ^fount llson. Tho same features ftro not shown 
by tho varifsis artkts and by the chemical processes. Even photo* 
graphic plates have their **pe«onaIitiis" as welt as artists. How¬ 
ever, w'e lia%‘c the right to hope that the plates are mere imj>artial in 
the features which they reprodue^, Tho long exposures employed 
often destroy the details easily recegnixed by tho eye in the centraj, 
an<l brighter parts. But for the reproduction of thu faint and more 
e.xtciided portions the superiority of the jiktis is unquestioned- 
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To Sum Up, the jjreat nebula of Orion is n Tcrr complicJitcd object, 
veiy rebellious Against graphical representHtioTi by \v!iich mtTinB we 
hiid hoped to abou' by a comparison of drawings what eliangoa may 
haw taken place during the course of a century. The early drawings 
hare In this respect very little Tahie and the elaborate discussion 
which Holden based upon the sketches of Rond ban not in general 
been found con vincing. 

This nebula <]eparts too far from a globular form or rather from a 
figiin? of mtatiotj to be taken as giving support to the Tjuplacian 
hypfitbesia, N'o one could trojcc in it a prelude to the formation of a 
narroa' and regular ring surrounding a larger central bodj'. Several 
annular nebnlie were noted by W. Herschel, but among them not one 
had a nucleus of any importance. 

If we must find in the slilerea] univerae a picture of what took place 
in one ayslem, then we would have greater hope of finding it among 
the planetary neiyulie. In the smaller telcacopcs they appear as 
smiUJ round, semewhat biilliant, diffused aptits, but in strrtuger 
instruments like bright stars ejnbetlded in dense atmosphereij. But 
aucli ^’atems were too small and too distant to tell us much of 
the details of their structure before spectroscopic methods were 
developed. 

Such was the condition of affairs wlien Jjord Jtosac, in 1850, showed 
the cxkteucc of a distinct scries of acbulo:, having beaded the cen¬ 
tral nucleus several successive envelopes, But ibese envelopes, 
instead of being separate and concentric, od tlic advocates of baplace’a 
hypiithesis wutild have exjicctcd, wero spiral in form. They shnwed 
Stiramera, gmwnng ppigressively larger, at firet In the direction of 
the radius, then ciined a mu ml oil in the same sense. N^o theory 
had predicted such an app<!arnncc. 

The instniment need by Ijird Rosse and made under his direrstion 
Was a gigontie telescope, 6 feet in aperture, a size nut since sutfiaisject 
despite many courogeoiia attempta. dudgnig from drawings, it could 
have been used only near the meridian. Nor was suflicinnt protec¬ 
tion provided against the weather, either for the nlxierver or the 
mirror. The neceasarj' access to the iipfier port of the tube was 
puasible only by the tise of heavy and complicated macbtneiy. 
Such a piece of apparatuii rwiuired the assiduous and careful maneu- 
vering of fleveral asai.Htanta, Official astronomers, with strict liiaita- 
tiom; and limited means, could obtain such cooperation only with 
great trouble and for toit little timo. Is it nccessarj' to seek further 
for the reason why the great instruments of Lord Rosse ami the 
Heraihels, riespite their great services, hod such a sliort career and 
were used finly by their nmkere ? 
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'The object which Gret fwemed to olTer to Lord Koa^ an nniisnal 
clnvmctcr is numbereci 51 Ln Messier's oatalogne. It is ti^>-day oon- 
ii^idorcd the most t3'picA] and the most curious of tho spiral nebrtlie. 
If wfi examine how Ijord Rosso drew it in ISafl, wo will find that the 
raj'S Uo not come out from the niiclous tn all directions hut normally 
and onij* from two diametrically opposite regions. The curvature, 
pronounced at the start, decreases later but irregularly. One of the 
spirals departing further from the center terminates in a scc^mdaiy 
bright nucleus. The piincipal spiral oontbuea its path undisturbed 
and completes at least a turn and a half liefore failing away. The 
appearance of these structures, so fine, so geometrical, so prolonged, 
gives the tmpressioa of a rapid whirling movement. 

Ixtng aftorwardB, in 1878, Lord Resae returned to this same object. 
The general appearance remainixl the same, but tho number of fila¬ 
ments, their fineness and regularity of curvature seemed much 
dccreost’d- After mature examination, it appeared that the early 
appearance Lad been j’udged too geometrical just ns soema to bn ihe 
caso wItH the canals ef ilars, 11 hiokeil as if now tlic principal spiral 
expands into the sccondoiy nucleus. 

Again, looking at the same object as photegraphiHl by KciJer at the 
Lick Observatory, it is cvitlent that the second (i rawing nf Lord Rcisse 
is the more faithful. But other important detaUs arc brought to 
light. The junction of the two principal spirals with the ntain 
nucleus Is no longer radial but tangential. By their evident discon¬ 
tinuity we are led to strongly doubt that they can be consitleml bs 
tTajectoTice. Various points of the two spirals arn tho origin of inde¬ 
pendent rays, oacL cmrcvil in tho same senst« as the main Hpicol but 
with entirely different initial (firoctigns. At the starting points of llie 
scodiidary rays wc always find a star, or if we lfK>k closer, a group of 
stars. Upon a plate of the some nebula, taken by Dr. Isaac Rnberts, 
ISO cotidensalinns were emuntod on tho lines nf the spirals. 

It is ovklantly well in the presence of such immenselj' vast objects, 
so dlfieront from any that wc have at hand for experiments, to buUd 
o-s much as possible on firm structural grtiundwork, neglecting no 
ovidcnco concerning thoir form, their structure, or distribution in 
space. Thus armed, ivc may approach with lets danger their life 
history and sock to know how three strangn organisms are bom mid 
huw they grow. 

Firat. what can be stated as to tho distributbn of the spinil nebula!, 
for uistance with regard to that most natural plane of reference, the 
tnean plane of the milky way ? 

If wo consider nebtilaj irrespective of eJass, wo can etslo on tliis 
Score a weU-dcfuied law. Those iibjecta ebow*, as to their direction 
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fmm tho HJici (loubtlcEa iilsn na Ui Lhcrir nbsolutf^ pvi^ition in 

ft marked ftuliputhy to tho plani) of tlio milky tho gfdflctic 

pbioe, 

Tkia fwsl Has noticed long agtt by pldlusopber and awinlogist, 
llerlwrt Speucor. It is shomi bj tlic ofteji-publiah^ figitre con- 
atnictod by Proctor* The principal catalogued nobidie arc indicated 
by so many points* Tho wbite spit near the s^nithpdc corrcspoiida 
to the Mfigellaidc (londs, a small leg-ion where nebuka and clusters 
abound. A place of siniilar nature^ though less rntp^rtantj liijs in tho 
northern homiephero dose t-o tho milky way. Apart frurni thcao two 
cxeeptiuns, the milk}'' way traverses^ ihrougbout nearly all its wliolo 
extent^ regions poor in nebula which cluster chiofly near the north 
pJe of the mill^" way. 

But is tliis law of distribution the same fur tlie spiml ncbidoi? 
For some years it wan gciicmlly admitted tliat it wna not* that the 
spirak wi^re irrcgulaTly distributocl o 3 regards tho milky wray* We 
might therefotTo treat them as sti^giiirs and keeping in tnind tlioir 
drcuniTolutmiis* bifiimitifnis^ gaps and the fact that they mdosc so 
many elars and dusters of stars, consider each one aft an independent 
mUky way. 

To-day tlmt coEdusion does not seem so assured aiiico KWler hss 
ptjiiited out tiuil many of the faint nebulas* ahnwdng to the naked eye 
no trace t\( a central nucleus or spiral structure* roTcal on long- 
exposure photographs both thc^ eharnc tens tics. Now we are begirt' 
ning to ask whe ther tho greater number of nebulae nm not spiral and 
whether etatkties, induding all of thenit wouki not show that tlio 
great majority of these objecis are rdated to the milky wuvh A pho- 
logmphic exploration of the entire sky with a ]H>worfui mstrument ia 
necessary to soKe this problem* 

Apart fi\>m their structure^ which too often escapes us, is ther*^ no 
other easily dctenninnblo churacteristic which may (serve to cbissify 
the ncbuiie l Could wo not* for example^ group them* as we luive tli* 
fitarsp ftccording to the richness of their spectra in absorption lines? 

Iluggetis, trying to do thk, noted that Uiey n^dily fall into two 
diussc^. Ono show's a spectrum composed of bright lines like that of 
a gits mode luminoua electrically. These arc often cdb^l tho ffrecn 
nebuha becauee the greater part of thdr %Iit h conrcntraled in a 
bright green line in their spcctrutti wbidi has never been identified 
with any knoAvn terrestrial element- Pruvistonally it is conaidered 
as an Indication of an unknown dement which haa named 
fiiiiifi™* Of the four lines to M‘liich the spectmin of a nebula of 
this class is usually limitiKl, the third in oriler of mi^tisity is tho only ^ 
one upon whoso origin wo are agreed. It Ijclongs to the spcclnmi of 
bydrogein 
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A moflcTfite dispersEi^n may bo used Tidth thk cl^im without wcalccn- 
ing the lines of tho spectrum too muclu Keeler nhowod that the 
brightest line does not occupy exactly the same position in all the 
green nebiihe^ Katumlly- these smdll clillerences aro interpreted as a 
sign hf mdiiil velocitha. The 1 -I iiebah& for irhich saiisfactoiy results 
Imvo been obtained givi? for Lho radinJ component figures nmghig from 
18 to —64 kdomotem per second, Theio is ii pmlouiinjLnce of uegn- 
tive valut*s^ evidently not because the grren nebtilifi show a tendency 
to approach but because the greater part of them which may be 
easily obsenwJ are situated nearer the constellatim HercuJesJ tow ard 
which our sun b moving^ i^EUTyhig us iJong adlli liim. 1 ontrory to 
whiit b true of die nehulie in general ^ the majority of the green nebuhe 
lie in the ridlky way. Tho existence of these gaseous bodies^ owirtg 
their light to a more or less extended mass of gas* has been considered 
as furniBhing tho experimental basis formerly lacking for the Lapla- 
eian hypothesis, 

InteiTOting as tbeso results arcp we will not dwell upon them os they 
take ns away from our subject. Indml, of aU tho nebuhe whoso 
fpinii etructum h beyoud doubt, not ono belongs in tho class just 
de$crib<>d. Not one is adapted to the determinatlun of itu radial 
Tfliociiy- All of them^ aa well as the great majority of the fuiut 
nebula} without definito form^ sliine with a white light which the 
prism tranrforms into an apparently continuous spectrum. This 
Bpoctnim is too fahi-t for the detection of abeurpdt>n bands. Tro\vever^ 
there b suine Justice in laiilhig it purely stellar. The white nebube 
owe the greater part of tJteir %ht the stars which are clustered 
within them. As to the great nebula of Andromoda^ wdiich is tins 
bright!^t of the spiral nebulro* ive may a<Jd that the majorUy of the 
of ita central pt>rtion are of tlie solar type. 

The contribution of Uie spectroscope to tlic study of the spiral 
nebulse is on tho whole somewh^it restricted. Tho services rendored 
by photography 0x0^ on the other hand^ ine^dmabk. The great 
port takon by this method of study dates from Uie Invention of the 
sensitive bromo-gelatin plates^ The grtsen or gaseous nebube^ 
whose light more strongly affects die photographic plalOi brought 
the first success. The photographs of Paid and Prosper lienn% of 
Isaac RobortSp and of Keeler early showe^l eridence of a phvdeBl 
relationship betwc«n the stam and the nebuhe^ even in the caj^o of 
the gaseous nebufe^ This conneednn is yet doscr in tho spiral 
nebula, of winch we will now apeak exclusively^ 

About tho year 1900 they w'ere Ifioked upon as rare and scattered 
objects. Keeler undertook to form a collection of the raost remark¬ 
able nebulous objects and was led to llie two following unexpected 
conolusioos; Fitatj many nebula formerly classed as globular, annular, 
1012-u 
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or fuadform show the spirnl form on platen tftken mth spiK'ial care; 
aecondj all ^posures sufficiently Icjng to photograph one of these 
ohjccU load to the discovery* of many othor similar objects. Tlia 
number of spirals is miidi greater than bad been sup posed, and they 
may include the majority of tlio nobulte. These rosnlU wore obtainod 
on Mniml IlamiUon, Cal., where n rich - 4 mGjrioanj James Lichi has 
founded the observatory wliieh brani liis name. 5 fo fkstronomer can 
visit this model observatory without envy an<l iidmiratiou. 

The order in wliich we take up the objects in the rich colloctiou of 
Kcokr may evidently be oijcii to eritloism until mi accord k eat ablisbod 
upon a dehnilo theory. Noone^ sttroly, would aupi>ose that the nebuisB 
have atwuya existod^just as they' arc or tliat they ]ia%"o acquire^l a 
final shape, Wo must Iwk upon them 03 still Sn the prooesa of change. 
Tlvc question w’o will fur tho moinouL consider is whether they oro in 
the process of condensstioii or expansion; whether the spirals arc 
flowing out from or into tho center. 

Before forming n too hasty decifdont kt iia lir^t examine the larger, 
more massive nebula, where the Bphals are small md unimportant 
in comparison with the central nucleus, -i’^fierwards wo will con¬ 
sider tho mors ciliated ones, where the greater part of lbs matler 
seems dispersed into the spirals. Then w's will consider in wliich 
direction it is easier to suppose the transition. 

In each class we shall place in iho first rank thoso whicli have the 
most nearly circular appearance; that is, tlmso whose plane is normal 
lo our lino of sight and which will enable us to interpret lictter the 
other nebulie ftocu at Icfes favornide angles or even e^lgewbe. 

Having completed that task, we needs must ask of what tiro the 
Bpiral nebulffi formed; in what w“ay are they changing! Could wo 
ausw'er these two queations, tlieii we would ask two otliera stiU more 
ambitioua. How were tlie spiral ue 1 nilB& formed, and what will be 
their end? But such quesLions may for a long while yet l>e prema- 
lurcj and I believe I thus voice the opinion of our master, PoLaciir^, 
if 1 rightly interpret the couclusiona stated in liis recent book on 
cosmic liy'potbeses. 

It seems to mo that the elomenis of the spirnl nobuhe can be nought 
oho tlian collections of groiqis of stars, whence eomce iho abundauco 
of ihe luminous points scattered in the outer p>rtiom uf the spirals 
whore tJioy can be separately seen. A cosmic cloud formed of sub¬ 
tler dements could ne^^or show such sharp oiiiliiiei?, nor reveal such 
cloftiHrut divisions. The continuoiiii spectra must lead us to sup¬ 
pose tliat even in the central portione star^ predominate, enveloped, 
if you wiU| in a cnmuion atmosphoro which iliffuses Llieir light. 

Some might aiguo that if Uic spirals are fortned of stars they w'ould 
be brighter. I do not see that necessity. Tho distance ot the 
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spirals is immansej much greater than that ni tha mean distance of 
the naked-eye stars, becauae &U the visible at ora inclosed in tlie spirals 
are telescopic. The light of stick ataia reaches us weakened by tbeir 
enormons diatances and doubtless by an intorstoUor absorbing 
medium. 

Wlieii wo consider tlio great niimiter of tbo stars embedded in a 
nebula like tbut of I'rsa Major (MlOt), or Llmt of Anilrnmeda, it 
Boems OS if wo rattier muiIiiiJiso thetr Importance cither in using these 
nobulin to construct n solar system or by regarding tkciii os the rnmlt 
of some Tcry improbable accidental collision. A single nebulu is, 
in my opinion, capablo of giving blrtlv to many stars, Indeed, to many 
clusters. Gy the range in tbeir dovdopmeut, ttw variety of tbeir 
Btnicturo, the great spirals are coraporablo without exaggerations to 
the milky way itsdf. 

I belici'o that we should not derive from our latest studies the 
theories of fUiamberlain and lifoulLori or of Prof, .iirrlicniufl, nil three 
of wboni interpret the spirals as duo to a colbiuon of Iw'o stars. Mr. 
T. J. .1, See has raised veiy strong objections against such theories 
in Ilia recent, work, " The Evolution of Stellar Systems,” a book full of 
eruditiDii anil ingenious views, but one whose uncompromising dog¬ 
matism luiiat arouso opposition. According to Mr, See, we must 
not present on cxplulintion to our learned public os possible, but as 
absoliitdr necessaiy. Is the stellar cosmogony of Mr. See, for he 
has <nic of his own, truly one of tlioso to whidi wo must suWribo 
without discussion and bold os dchnitive'l He mnk(^ a spiral hare 
its birth in the tncoting of two clouds of very" elongated form wliich 
move through space with different velocities and become deformed 
before uniting under the tnauence of their mutual attraction. Each 
spkal marks the influx toward the common center of one of the 
oiiginai clouds, 

I fear that such an explanation would be satiafactoiy only to 
readers but little acquainted with the objects themselves.' It is not 
merely two concurrent spirals whicli wo must explain, but often 
four or five. And when we consider iho paiuimonioiis ocatlering of 
matter through apace, it k truly difficult to admit that upon the path 
of tlio dcflecLmg current Uiero will appear isolated stars, then 
clusters of stars more and more nnniemus and more and more dense 
as we approach the place of conjuncliou. I do not see whence will 
be gathered the matter for these suns if there is no central condensa¬ 
tion, which, according to See, would not yet have been formed- To 
me the movement in spirals imist he centrifugal and diejicrsire. The 
centrid mass shoots out mtcmnttenLly groups of stars, giving timm n 
great initial velocity, but the impulsive force acts only for a aliort dis¬ 
tance. The hnid movement of the liberated stars Is governed by the 
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geaeral aiUracdon, cixcopt in the ndgiiborhood of <^rtain points of 
the spirsld which have in turn become centers of disturbances. 

Tin* apimls, cssenUaltr iir^ular in thoir sections and projection^ 
are neither currents nor trajectories, Tlie axis of each one is a 
qrnchronous curve of the places which at any given instant are occu¬ 
pied by the products of a prolonged and mtormittent eruption. The 
latter are continualty evolved in the same central mna!^ which slowly 
turns upon itself. The spirals tlierofore tend to become, willi increas¬ 
ing distances, normal to the radius. Tlic general motions of the 
matter in this class of ncbulai thus conform to the stellar currents 
of our own miU^ way if wo adept the views eixprossed by Scliwats- 
Bchild. 






liStj^lsbei, Plate 1 



A«THi;ii’Ny6ii::AL O&SEJsivAtOftv of the Smithsonian ikbtitut^on. 





















Sfliiijiwiunn j —Abtini. Plate 24 



The BoLOMEiTen ANij irb ADjui^aTB. 



















































THE RADIATIOX OF THE SlW. 


By C. G, AaBOT,‘ 

Dinttoroflhi Obmuatm s/tAi: S«ilA»MW(i 


[^'{th 4 pUlca.} 

Tlio film ptBSOtita mimy iuierestuig aap«its. Although controUer 
of tilt* soliir fiVHtnni) till * ricli witli ti ful aiuI cufious fimturtiAi 
tho nonrcst of tlio lixctl starnt aiid typical of a lings class among thcni, 
tho sim’also has a still gniator idaim on humau intcrciit as Lho foun¬ 
tain of heat, light, and life upon the ctuili. It is this latter aspect 
wliicli wo shall conflidor mainly, still further confining our uttoaUion 
almost wholly to work done under tho nuapicia of the Sinithaoniuii 
Institution. 

Wlien James Smithson died In Genoa in 1829 he loft his estate, 
subject to cert&ui comlitions, “to tho United States of America, to 
found at Washington, under the name of the Smithsonian Institution, 
an Establlslunont for the increaso & diffusion of btiowledgo among 
mott." On May 9, 1838, by decree of the English Court of Qi^ceiy, 
the Smithson bequest, aniounthig to about Sh’5OU,000, was adjudged 
to tho United States. By the act of establishment in 1846 tho con¬ 
trol of the Smithsonian Institution » vosted by Congress in a Biaird 
of Regents, comprisipg the Vice I^eaidont and tho Chief Justiee of tlio 
United States, tliree Senators, tliree Repiraentatives, and sis private 
citizens. Xn the years that hove elapsed tlie Smitlisonmn private 
funds hove mcreased bj' gifts and economy to nearly $1,900,000. 
For many years tho inBtitution has odminktered tho annual oon- 
gressiotiol appropriations for the support of tho Notional Museum, 
National Zoological Fark, Bureau of American Etlinology, Astro- 
physical Observatory, Bun*au of tntematdonBl Eiclmngca, ami 
Intemationsl Catalogue of Sciendfic Literature. Tho imiuodiato 
administration is in tho hands of the sooretary of the Boaid of 
Regents, at present Dr, C, D. Walcott, the fourth of tho secretaries. 

Dr, S. P. Langley, the tliird secretary, a distinguished American 
asteronomer, fout^ed in 1890 the Astrophysical Obser^'atory of die 

xlt4|xlii1»J wVCh t^TiBlaBL ■ml ■dJltkMi trem Bdctm Cnupcctui^ BeviGd,, v 4 L X April, IHIX 

inmmtliRUi iEi p&ri 6™ ''Tba Sas/* bj punDUcm of D. Aj^pkws* Oft. _ 
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Smitli^^niAn In^titwtiorij ajid its dirpci'Of until bia tleatli in 1900. 
llis own priuoitiai inTcstigatituis^ urni tlios^n of Uio Aatrophyaicftl 
Ob^n'ut^rv be^n undcf bis direction and sty I continued ^ buYo lain 
in tbe field of measuring tbo quantity OJid quality of tlie sun^s radia- 
iioii, the eHoot of fell© eartlf s atmoapherc tliereon, and the dependence 
of terrestrixJ temperatutf'S and plant life on solar raduition. Tlib 
ifl a utilitarian brandi of astronomy, whose applications to Uirreslrial 
concerns may bo axpected to incrcoao in future years and result in 
the promotion of tlw arta i^f metoorulogy and agriculture. But tlio 
interest of aurii studies for tho promotion <if pure knowlodgp h nUo 
very bigh. Let ua imagbie that tbe Greek pbilosopbcis^ ibe Ara¬ 
bians^ and tlie a^^tronomerB of Galileotlma, bad alt possessed the 
means to moasuTO accurately the quantity and quality of solar radia¬ 
tion. How interesting it would be now to compare tlieir measure¬ 
ments flith our ovnij and determine thereby ivhatj if any* appreciable 
changes have Occurred in 2^50C) years in that energy winch aupportH 
beat mid life upon the earth! The astronomer of lUo fufcuro w'ill 
have, we hope, tmstwortby measurements of our own time to wmpore 
with bis own. Referring to anothor branch of Uie measuremenld 
wbioh 1 am to bring before you, our knowledge of tike appro:^imato 
temperatures prevailing in iho and our conclusions as to tho 
sun's nature i^t on such work as k being dono at tho Smithsoiuon 
Astrophysical Observatory. 

By the term solar radiation, 1 propuso lo your minds not only th^ 
solar rays which affect our eyes aa liglit, but the extensions of the 
spectrum teyond the violet and beyond the red^ wliere trh© eye is 
not Bensitive, iMl tl lese rays, whether risible or not, may be at^orbed 
by blackenc^l aurfacca and will thus produce their ju^t and prtipor- 
tioiud effects as beat. For the measurement of s^ikr radiation^ 
LaiigleVi about ISSOt invent«ed tho clelicjit4* electrical thermometer 
diown ui pluto 2, which be called the bolometer: figure 8 of plato 2 
diDws ita luiHfe important part. This is a pair of tap^ of platinum^ 
eaclt ftbimt I cotttimeler long, O.Ol eeniin^eter broad, and fl.002 
centinioter tliick. 'FI use Uipe^ are bljmkciied wdth camphor smoke 
or by a deposit of platinuni block. One h exposed in the patli of 
the roys to lie measured, and tbo other is hidden. Hence one tape 
k warmed with rv5?pect to Hie otlier. Thereby a minute electrical 
current is cau^d to flow tJirough the dehrato galvanometer con¬ 
nected w ith the Wimatstonc’a bridge, of which tliH tajm form two 
iirma. In thk wny a change of temperature, wliicb may be aa amall 
as one-milliontb r^ntigrade, may be detecUnl in ordnmry 

ppactfco. By special deviees the aonaitivencss may b© moreased 
beyond ihk one-hundred folib But though bo seoaitivo the bolo^ 
meter k far bebiiiJ the eye in iu capacity to detect faint yellow 
light. It k used in pndmnce U> tho eye li^auae it can detect and 
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correctly m&mMTB the relative intoiisitied of rays uf jUl w^ivo JengthB, 
whether visible or not. 

The inilicatiotis of (Jici bolonict<"r may bo autoniatically oliser^'ccl 
by photography, and Lherohy the $olar Hpcctrtim niiiy l>o exhibitedj 
aa in figure U ns a suiuous lino whoso elevation aboTO the bitee 
line of xero radiation gives tho rdative iniensitj'- of iho diffenmt 
C5o]oM?tl or invisible The two curves shown aro taken indqjend- 

ently about an honr apart^ for the purpoi^ of studying the merBoso 
of intensity of the snn^a rays <if different wave lengths ns their 
path in air diminlshea in length in consequence of the approach of 
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tho son lo Uu! aeridiaa. From audi studies tlw i^csuils alwiv'n in 
%tiro 2 me found. The upper curve represents the percentage 
transmission of a vertied column of air above Mount Wilson (eJe- 
valion IJ50 raotera), while the lower curve diows the Jess Iranamijs- 
mon for vertical rora at TVaahington (30 meters). TTie wave ler^ths 
DTO indicated as absdns^. From tins wo see how much more loss the 
violet rays of wave len^ 0.40^ suffer than do the red raj's of yv&ve 
length 0.70^ in travenang tho atr. 

In order U» determine Uio quantity of the solar radiation wo 
must fix our conditions independent of tho variahlo losses in’ the 
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RtiBospEerts Wo flttorupt> there- 
foroj to malco the obaeir%''iitioiiH in 
suoh ft manuor ns to pcirmlt ft 
correct o&dmftto of llie fttmos- 
plioric lossesj. ^ thftt the rcault 
Cftn be expressed fts if the pieft$- 
iirancBi^ weremftdoip free space 
bejond the utmospliere. But of 
course our ftctuul mvrk must be 
done ftt tho onrth^fi fforface* * 

Wo express solftr radiation in 
heat units call< 5 ,cl calories* As the 
bolometer (pL 2) is not of 
capable of giving true calories wo 
Imve doYiaoi] bp mstrnmontsilin^m 
in £gure 3, a standard pyrbeli- 
ometer^ eallod. A is a cliom- 
ber of nearly the diniensions of a 
large t^t tube^'whosc Walls are hol¬ 
low and adapted for tlieciioulAtion 
of a stream of water* The stream 
enters at E, batlus the W'alk and 
rear of the chamber and the cone- 
shaped receiver of rajB TI, and 
paasos out at cari^ring tlie heat 
devdnped by solar raya which 
enter the gh^ibcr by the meas- 
iire<l titifice C. At Dj and Da arc? 
platinum coilaadapted tomeamire 
the rise of temperature of the Tnii- 
tcr duo to BOlar heating. Know¬ 
ing tho weight of water flowing per 
minute, tka rise of teiniseraturo 
and the area of the opening C for 
solar rays, thrir intensity is deter¬ 
mined* jVs ft (heck, beat may bo 
produced clectrkaDy in tic choxn- 
l)er, and tie proof of the accuracy 
of the instmiiient consists in find¬ 
ing tie known quantity of elec¬ 
trically introduced heat correctly 
measured* Another simpler in¬ 
strument for cverydft}'' use Is tho 
aiher disk p^Thdiometer sioviTiin 



Fw, t.—Siunujj^ WAm-fTiGT 
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figure whicli reiJiy Ihj stumlardiziKi iigiiitiat tlie wat^i'^flow irtstru- 
ment and in viiieli the meaflunancnt is made hy read Lag a Llieniunu- 



where variability of atmospheric coaditLomk atighi, and whero 
the quantity of air ttavem<l by the soliir raja is sntalL 
Chving to smoko and elouda, Washington is a poor locality 
^ for the piirpi'j^^ and au in IPOS an expedition in my 
cihiirgc^ WiiH sent by imitation of Director Hale^ t>f the 
blount Wikou &>lar Observatory, to take sUtinn 
on Mount Wilson. Plate 3, figure l.ahowii som^ 
of the gigantic apparatus erected by Director 
Hale at that fine sitOp With this remarkable 
^ outfit the work done by the Mount Wilson 

Solar Observatory staff has been W4>nder- 
f^by produotivei The Smithsonian Ob- 
Berviktory on Mount a little 

\ X* affair comparatively^ is Ehown in 

fiffure 2. It wm built in 
\ ^ small plot of grotnid 

leased from the SoW Ob^ 
\ servatojy. A cotte^e baa 

been built close by for 
^ \ oWrvers^ quarters. 

I } order to test more 

^ } j thoruughljwhetber we can 

/ I retUnato the 

// loases of solar rays in our 
atmosphere^ work was donQ 
in 1900 and IPIO under my 
v2/^ I' I charge at Ifount Whitney 

i I I maters), the lilghe^ 

[|j mountain in the United 

_> -v States^ To further 

- Oil — i _the work of this and 

IJ other ftcientifie expe- 

„ , ^ * ditions the Institu- 

FaL.4.-n.tllX tHLVU^UfC rYlUKUtJlIkTn- 

110 ner ec tedon Mount 


cier at stated intcrvala. 

In measuring the intensity of solur radiation as it wxmld be outaide 
the earth^s atmosphere at mean solar distance (generally called the 
solar constant of radiation) it is important to select a station 


Whitney in IPOP the stone and Bteel lihclter showii in plate 4^ figure I* 
My apparatus is ahowti ia plate 4^ figure 2. With Ifr* Mareh, of Lone 
Piuej I remained two wedm on the summit in 1009 and tigain in 1910, 
and made measurfiLUientei of the aoUrconatant of radlaiioti there, while 
my colleagues made similar measurements at Mount Wilson. 
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PlatC 3* 



FlAr 1 . 



FiO. 2. 


Mount Wilsok Equipmekt. 

Flit. I.—wi^ o^*TTfl[ncjr fi| fhm CArtunKL' Jm4L|iatlufl. 

Fif* l^tlhri mLoj of iho ^ailiLhKhiilMJi linfMtiiutLifi, 

















Plate 4. 




Fi& 2 . 


Ofi^EnvinO STATKW oh McMJNT W«lTft<tY. 

F jjf. L—iM-lti Hfnf p|H«rTiiT^' 
ri& 2_—SlIi^th■lJhLaT^ oatItE of liiUJi 
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The fiifTcneaces l>etwe^fi tjie refillobt&iueil i]inultaiieou5[y tki the 
two etatioiiB were Ijc tween 1 iind 2 per cent. But cotisiiJeriog tbut 
the optical iip[>ufAtii3 used on Mount IMlson eomprided n aUverod 
gluas inirroF coeloatat^ an ultra-™let crown gh$A jjrkin, mxd two sil¬ 
vered glaas mirmrup while lUnt on Mount Wliilwoy cotapriaed only a 
quarts^ priam and two mnguuliuni numirst ttud^ fnrihermorej tlmt the 
pyrheliometera employed at tho two atatiotia were read at very differ¬ 
ent temperatures, it in probable that the alight difference found 
betweeti the multa may be duo mainly to experimental differeiicea 
and implies no tUBcrepaDcy due to the difference of idtitiido between 
the tw'O stations. 

This conclusion seems w^orih emphusbdng. We have now mu do 
simulLuiieouuJy aoWr-consteJit determinations at sea level (WasMng- 
to¥i)f Mid at over a iuUe altitude (Mount Wtkon) * and again at Mount 
Wilson, and at nearly 3 miles altitude (Mount Wliitnej)* iUthough 
both the quautity and the quality of tho solar radiation found at 
these stations differ tctt much, neither tho ''solar constant'' nor 
the distribution of the solar eneigy in the si>ectnim ouUide tho 
atmoftpliere, as RxhI by the wlioUy indepondcut meaauromonts at 
these three stations, differs tnoro than w^ould be exj^cted In view of 
the utiu void able small errors of observation. We seem justified in 
concluding that vre do, in fact, eliminate the effeeta of atmosplieHe 
lo3fT4?s and actiiidly determine the true quantity and quality of the 
sun's mdlatiou uuUdde the atmosphere its we might do if we could 
observe In free space with no atmosphere at aJl to hinder^ 

Ex})editions to Blount T^llson have now been made in 1905j, lUOfeji 
ItiOti, iGld^ ID] t, and ID 12, continuing from May until Novem¬ 

ber- In the earlier years the ob}>er%'^alions were not made daily, but m 
lOOS^ IDODp 1910, and IQ 11 dally detenninalions of the tu>lar ennstant 
ax're made w'hen possibh*. 1 give below a summary of this "wurk up 
to the end uf IQII, and wdlh it also the results ohtauied at WushingtoUr 
1902-1997, 


*ryii« obsmti 
U^ija nliM ^, 4 ^, 


OLher Jjiyi of o^iiPr^jaiiM mi ]r«e nadj. GnMnl bMoa, U32 aMuriHI (U* Cr> ptt pqysn fHalliiV'Ccr 
N'maljfc of iJct^fmanUpOB, Ml 

W© draw tho conclusion that, for the cpt>ch 1002 to 1911, an object 
m outer spac^p at the earth's mean solar distance, would have received 
radiation on surfaces at right angl^ t4f the solar beam at the mean 
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tAi^ of L^^3 ei&loriea per square centimeter per itduute. What a priM 
wi>u]d be giTen to one who oould bring ns simiW tneasiiPcsieiits 
dating, let m say, from the timo of Archimodes I 
Before coTwidortng the po^ble variability of the aun wo may paufto 
to note ^omo of the by-produets of the so1ar-consiant measurement. 
Referring again to figure 1, we see before us the distribution of 



^JQ- M£TK!Mi lartefaTT cumvia. QL-g ame K.urEa'g ^tjiosteeh^ 

■■ Aa^ —RAillAtlQQ from ttifl wlBk iDtu' 

** C*|» W.*^-^aHiUliaa lfVa34 (SdOlKT 4f tlUl.^i dlftt 

iM> iS,A aJiil jj^^ H a dkO oii fhnu fiuLalJ ftt thtm pifmitiifM nulljiii from ualief ^ siq.'^ ■'j 

energy in the isun^s fiiwctnim observed at a pariicuW tinm on l^fount 
Wilson with certain apparatus. Knowing from other observations 
of the same day the losses suffered by the raya io the aipj atid being 
able to measure also the losses sullered in their passage of the op tical 
apparatus, it is posable to compute Iho form which the suliir energy 
spectrum w'ould assume if observed outaide our atmosphere^ with 
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perfectly tranHpsrmt apparatm capable of forming a normal spec¬ 
trum. Such ft curre b that marked " All" in figure 5. It ia marked 
" All" because it reprcsente the mijcturo of rays from all parb of the 
EOo's disk, just as we ordmaiily get them. 

l^gure 0 shows a number of curves of distribution of rays along a 
diameter of the sun. From these wo sec that tho smib disk is not 
of equal brightness from edge through center to edge, and that tho 



FlQ Q —DltfTHBtmD^ or fiwnn irypttAJi ALOdMt? THE DLillEEtiH OT TB-t. JIOLAA ISUJt 1*0111 OF L'lEFEAXIfT 

V±tt tJUlTtUft, 


contiMiat of brightnoss is far gi^fltor lie shorter the waTo If^gtk con¬ 
sidered, In other words, tho aim's edge is much ^mmer cximpared 
to its center for the ordinary photographic plate tbim for the eyo 
beemise the plnte is meet aeodtive for violet ^tid ultra-ii'iolet 
while the e3^c is most sensitive in the yellow, 

Retviming Again to figure 5, the other curves show the relative 
mtousities of solar energy of all ivave lengths taken from pointo 
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difrtimt SEcrn 55^ 85*5^ and 95 per cent, reflpectirelYp from the renter 
fhf the sun's disk, Tho intenRitiefii ns you see, dimmish ns we go 
out towiird tliB sun's edge in all wave leogthB^ but most rapid It for 
the shorter wave-length tajs, not ou3y does the height of the 

enoi^y curve slter^ but its form ehongoSj so that the plaee of maxununi 
intensity sldfts tH:>waTd the red irs we approach the sun"a edge. This 
h a peculiarity of sj>ectja of heated bodies at siicceEsively lower tem¬ 
peratures. It is quite teasunable to couelude that the light we see 
near the nlge of the sun comes from regions of low^er temperatuTe than 
that which we get from the center of the disk* This is probably 
becau.^c our I'iew'i'^ cut off before it penetrates very deeply^ at the 
edge, Iknisusc wc arc there looking very obliquely, Thua see only 



superheial kyere at the edge, and much deeper and hotter ones at fh# 
center. But all these tcniperatiirea arc very much Jiigher tJmn any 
we know mi the earth- TIm electric arc* for iimtanocT is said to be at 
a temperature of about 3^800®^ absolute Centigrade. From the fi>rm 
of the solar energy curve, the valuo of the Bolar constant^ and other 
data we eatimAte that the solar temperatures range frum about 6,(K)0“ 
absolute Centigrade upward* 

As the temperature of the earth depends almost directly on the 
quantity of sokr radiation, we are immediately interested to iuqulro 
if the sun, like so many othcj^ of the stare, is variable, and if m, ivhat 
corresponding variations are pteductMi in the temperature, douduiess^ 
and rainfaU of the earth. It has been known for over half a centurT 
that the stin has a slight varjabillty of an average period of about 11 



































































ItAlIIATrnX iw THE —ABBOT* 


163 


yeais, coiTPfiponding ’?rith the finctuftiiom vf the number of Bun spotB, 
the chfinges in form of the solar corona, and other Bolar pl^enomcna, 
and induting changes iti the prevalonce tif the aurora liorcaUSj the 
magnetic force and declitiationr and other terrestrial phenomena* 
Figure 7 shoe’s in its first cur^'^e the variation from norrmJ of the tern- 
[icrature of the tJnited States, second the variation of siin-siwt num¬ 
bers, third and fourth the fluctuations in tcm^t riiil magnetic elementa 
for the iicriod 1873 to lOOO. It would be of great interest if we had 
accurate Hoiar-ci^iiBtaiit measuienients to compare with fhese efuingcs 
for a long period of time. I^'fifortnnatclr we have none such earlier 
than 1^I03 and only acattcriiig measurements until 190 ^- 
In figure S the results of Bolar-conatant measurements on Mount 
Wilson^ 1905 bi are given. On their face they indicate a fluctua. 



Fm. a.—Is i uljj.iT otiwLJLfc nArEJiTEo^ ntTftP-lETm ejlih]^ jLTiifitKpnvai ad UllutrBi33< at McHowr 
Wel90« jk me tiau IKA 7Ci um. 

VuIlum cttfrft ia fe? |ief pPr uiLoiair, 

tiofi of the intensity of aokr radiation* The fluetnatitm extends over 
a total mngc of nearly 10 per cent* In tiio ktor years the measTire- 
monte were made almost dailyp and iteem to bring out with certainty 
that the changes are not haphazard in their character. Successive 
days of observation indicate a gradual march of the solar constant 
values from a high to a low* and back. Had the variations been duo 
merely to acridontal errors wo should not have e 3 Ci>ecteri tlda regu- 
Inrity* Hence wo conclude that the changes .obaeo'' 0 d are either 
really solar or am due to aome obscure source of error in estimating 
the losses in our aimosphere. The latter supposition is net very 
reofionable^ because as alniady shewn, we get practically tdenticol solar 
const ant value^i whether wo observe at sea level (Washington) ^ 1 mile 
(Mount Wilson)j or 3 miles elevation (Blount Whitney)* Hence it 
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AKTTIjAL SMITHflOlfTAS IXfiTTrUTlOSj, lOIiL 

^015 most probable that we have found a real vaHatiuD of the sun, 
iircfifular ju amount and period, but of an average period of 7 to 10 
days, and an avori^e magnitude of 3 to 5 per cent. This-woiuld be 
“impcirtant if 

Note flddcil Ji^nuor^' 13,1913: 

lln pMt from Aanual K«port of SecrcLuy of the Scnithwalaii InjititiilJdn for jienr 

enditM,'JimoSa. 1P12.] 

Congress having previdea funds, nn oxpediripn under my rhaige 
proceedod ui July, lOH, to Baasour, Algeria, to make there a long 
fl^es of eolar-constant observations aimuIlaneonsJy with similar 
observations made by .Vaaistant Aldrich on Mount Wiban The 
Algenan expedition included Mr. and Mis. Abbot and Pref F P 
Brackett, of Pomona CoUege, California. The apparatus carried 
was the same which I had used on Mount AVlntnev m 1009 and 1910 
Station was reached on July 31, 191), but owing to a moat unfortu¬ 
nate miacmiago of a box of apparatus, observations could not bo 
oommeiii^ until August 26, and several more davs ivertf required 
to get the whole outfit working satkfactorilv. 'The weather of 
Aipst was excellent at both Mount TTilson and Baasour, but in the 
sabs^uent months tlie good days at one station frequontly coin- 
mdeil with had ones at Iho other, llcace, although ^4 danj oV solar- 
coiLstant obeervationa were secured at Bassour up to November 17 
wlieti the camp w^ broken up, and a stiU greater number wer^ 
secured at Mount Wilson, only 29 of there coincided and 20 werceraid 
at both statiuna. ‘ 

In spite of Ilia Joss of August and the unfavorahle weather of sub- 

supposed variability 

EtpedUiaM of /Sff.—While the simnltaneotLs observations ma,to 
in 1911 At Bafis^iiu luid Mount Wiison iuistlv 

oonfirming the variability of the sun, yet it w ag feft tha^a result Tf 
such unco^on interest ought to put beyond the smallest wuir. 
rentable doubt. Accordingly, m May, 1913, Mr. anj 
ijgajn rei^e.i to Bassour, where they were joteed on ifaV 20 by Xfo 
Andem Knutson Angstrdm, as tmporery assistant. Observatioii^ 
were begun on Juno 2. Obrervstions on Mount Wilson had alreadv 
been begun by Mr. Fowls in April. 

Between Juuo I and September 9 nearly 50 days of observations 
common to ^ih statio^ were secured. This work is fully conclnai^ 
m provmg Ih. of 

Bauout correspond mih ooha^omUint tyiZara at Jfoant m? 
and vice versa. 

In the meantime it has been found that some measurements ik 
kuul illustrated m figure 6, which were made in 1908 at W hh^to^ 
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and eomparocL with wlft^-constant vnlues from MonnL Wilson^ 8iwn 
to show that thero m a slight btit distinct chango of diatnlitition of 
tho radiaticm oioog the dimnetor of the sun^a dbk depondjhg on tho 
Yalue of tho solar const ant. Thb change is such that when the 
intensity of solar radiAtian outside the atmosphere Is h^h as obsoTFod 
at Mount Wilsoni tho contrast in brightness hetwern the center and 
the edge of the sun's disk ia greats and vieo Forsa. This change in 
contrast holds true for all vrave lengths obaerred at Washington. 

Tbua wo haTO two indepondent proofs that tho sun is an irrcgulariy 
variabte star of a short irregular periodioity of 7 to 10 days and mag- 
nitudo of fluctuation reaching often 3 per cent but rarely S per cent^ 
Beaidea this newly discoTered irregularity there ia of course also tho 
long period variabUlty of 11 yearn mdioatotl by son spots. Curioudy 
enough the solar radiation proves to be above normal whisu the sun 
spots are at a maxuninp; although, os shown in figure 7^ the tempera¬ 
ture of the earth is then below tho normal. It is not unlikely that 
other solar changes of great interest may be brought to light in 
future years by the methods above described. Nothing has yet been 
done to see how far the newly dlacovcrcd short period aoler <?hnngea 
affect the earthcllmatCi but evidently a Most interesting field is 
opening there. 
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irOLECTLATl TTmORTKfi A^^> iUTIIEiLmCS.* 


By l*^iiiiiS Borvl, 

PnfEuevr A h dts Sdtnca tk r iTnitmiii dt Ftni*, di Vl'^pok 

N&rmak Euptna^t, 


I, 

Thf reUtions b^tv^^n iho tnaih^irifttiral scipTi<?.es and the phyiiiioa] 
sciences are &3 nld as tha sciences themsdvee. It b the study ul 
n&tuml phenomena wliicb leail*^ man to set for himself tho first 
prohlems from wliich, through Abstraction and goneralkationi has 
gone forth the superb complexity of the science of and of 

space. ConTersely, through ii sort of preestablished harmony,, it 
has often happened that eertiiin nmtbemattcaj theories, after being 
developed Apparently far from the real, have been found to fumbli 
the key to phenomena eonceinmg wliieh tho-ereniors of these theories 
bad no thought at all. The most cetobraied instance of this fact ia 
the theory of conic sections,, an object of pure speculation among the 
Greek geometers, but whose researches enabled Kepler, 20 centuries 
later^ to announeo with precision the lawaof tho motions of the pilin'^ 
cts. In the same way^ in the first half of the nineteenth century, it 
was due to the theory of the imoginaiy exponentiok that the study 
of idfaratoiY motions WAS rendered more profound, tho importance of 
which has been Tovealcfl on so large a scale in physics and even in 
mduBtrinl art ; it h to this study that we owe wireless telegraphy 
And the transmission of energy hy polyphase currents^ More 
recently still, we know what the utility of the abstract theory of 
groups has been in the study of tho ideas so profound and novel 
whereby one has tried to explain the results of the capital experi¬ 
ments on relativity mode by your illuAtrious compatriot Michelsom 
But these illustrations, whatever may bo their im]>Drtanc«, are 
epodid and relate to particular theories, llow much more striking 
is the universal usage of the forms imposed on sdentifie thought by 

■ jldtiEm <kUv«»d «1 II^wiEoa oa the tmufiMf Uv lOfedfunJiaD i»l libv RLev InsUtiilfl {OcL 10' 
Uif U, 1913). 

ncprtntKl liOr pRmli^aa Of ttm ftaiUdr^ IHd fnjhlAliira. uuJ tlifi Rlct trm Aenw fiSiiAiiLti cMst 

BtdcflAa {Hina «t api{iUquliHi,i ChA, Xvf. A), 

m 
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tlio gftniiis of De3c&rti?s, Newton, Leibnitz. The emptojment of 
reetftnguLir coordinates and of tho olomonte of differential and int<^iil 
calculus hite become so familiar to ua that wo might be tempted at 
times to foiEot that these admirable msimmonta date only from 
the sevontoenth century. And in the s&mo way the theory of partial 
differential equations dates only from the eq^hteontli century. In 
IT'I? d’.:yemt»rt obtained the gonend integral of the equation of 
vibrating cords, It wds the study of physical phenomena that 
suggested the notions of continuity, doiivatiTo, integral, tliffer* 
entiol equation, vector, and the coicultia of vectors; and these notions, 
Ijy a just return, form part of the necessary Bcientilic equipment of 
evciy physicist; it k tlifough theso tlmt he interprets the resdte of 
hk czperimenta. There is oxddently nothing myatcrlouB in the fact 
that mathematical theories constructed on the model of certain 
phenomena stioidd have been capable of being developed and of 
* fumkhing the model for other phenomena. Thk fact is nevertho- 
leas worthy of holding our attention, for it permits an important 
practical result. If new ph}wica] phenomena euggesterl new math¬ 
ematical models, mathematicians will he in duty bound to devote 
tliemsclvBs to the study of these new models end their generaliza¬ 
tions, Viith the legitimate hope that the new mathematical iheorioa 
thus erected will be found fruitful in furnishing in their turn to the 
physicisis forms of useful thought. In otlicr words, to the evolution 
of physics there should coTTuspond on evolution of molheiuatics 
which, without abandoning the study of the classical and tested 
theories, aJiould bo developed in taldng into account tlje naulta of 
experiment. It is in tliis order of ideas that I would examine to-day 
the influence that molecidar theoriiea may exercise on the develop¬ 
ment of mathematics. 

n. 

At the end of the eighteenth century and in the first half of the 
Dineteenih there was created on the h^^othesk of continuity what 
we may call classical mathematical physics. As types of the theories 
thus constructed wo may take hydrodynomire and elasticitv. In 
hydrodytianiica, every liquid was by definition considered * to be 
homogeneous and kottopic. It was not quite the some in the study 
of the elasticity of sohd bodies. The theory of crjistairuio forms had 
leii one to admit the e.vktence of a periodic network, that is to say a 
dkcontiniioua structure; but the period o! the network was suppi^s^ 
to bo exlremolj- wnaU ^-ith reference to the elomenU of matter 
physically regarded as the difTerential elements. The crvstaUiiio 
etruotuTo therefore led only to ankotrophy, but not to discoiitiniiilv 
The partial differential equations of elasticity, oa well as those of 
hydrodynamics, imply continuity of the medium studied 
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Tho Atomic thooryj whosae trmJition goes back to the Greek pld- 
losophors^ was not AbandoDoU during that period Indepoadent of tlie 
coJxIkmAtioii that it found in the properties of gases ivnd in the 
of c-liGjniatry^ it wna by means of tliat theuiy that one was obliged to 
expliun certiuji pbetiunumai such as the coiapretiaibility of liquids or 
the pormetibiKty of tsoliilSj in spite of tlie apparent continuity of 
two slates of matter. But the atomic tlieoO' was plitred in 
juxtaposidon with physical theories based on continuity; it did not 
affect them. The rapid adyaneea in tlieitgnodynajnica and in the 
tlLeories of enen^y contribute^i to main tain this sort of juirtition 
between the physical theories aud the hyia>thesis of the existenca of 
atoms, which becoino so fruitful in dieniistry. To the majority of 
pliyddste half a ceutui^' ago the problam of the reidity of atoms waa 
a metaphyKiqal question properly beyond fcbe domain of physics; it 
maitereil little to science whether iitoma axist or are simple ftciioiiSi 
and one might even doubt if eoknee ware able to a&im or deny iUeir 
existence. 

Howefer, thanks especially to the Jahem of Maxwell and of Bolte* 
mann^ tlio definite introduction of moloculcs in the theoiy of gases 
and solutions allowed itself fruitfuL Gibbs created the new study, 
to wMch he gave the name “StatisticaJ mechanics/' But it m only 
in the last 20 years that all phmeisu have been forced, by the study 
of new' radiations on the one hand and the studj" of the Brownian 
movement on the otlier, to consider the nioleouloi' hypothesis os one 
that is neceaaary to natural philosophy. And^ more recently, the 
thorough study of the laws of radiation hm led to the mdoukod-for 
theory of the dbcontiniiity of energy^—or of motion. It dcres not 
come within my subject to expound tho expeiiiuental proofs through 
which these hypotheses are each day becoming more probable^ Th© 
most striking of such experiments are perhaps those which have 
made it possible to observe the individual emission of tho <t porticlea^ 
m that on© actually obtains one of the c<mcrt 3 te units mth which 
the phjsieist constructs the sensible uni verso, jnat as the abstract 
ujiiverae of mathematics can b© ijoiistnicted by means of on abstract 
unit. 

For definitely formulating their h^'poth^^ and deducing there¬ 
from results Busceptiblo of experiniontol verification tb© theorists 
of mudem physics mako use of mathematical symbok. These 
symbols are those which have been created in storting out with the 
notion of continuity. It is, therefore, not ostonish^g that difii- 
culties aomeiimes appear, th© most real of which is the contradiciion, 
apparent at least, between the bj'potheais of the ^aiUa and the older 
hypothesis that pbenonicim are governed by diffenjntial eejuattom. 
But these dliBcnlties uf piincipl© do not prevent tho snccesa of wliat 
ono^migbt call partial theories^ by wliicli a certain number of cxjterk 
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results may, id spite of thedr apparent divcraity, bo doducod 
from A BHiall nuiubor of fomiul® wlucb are coherent among tUem- 
selves. Usually tho omplojuient of mathematics in lhi»o partial 
theories b quite indepeudent of the ultimate bases of the liieoir. 
And so it is tbot for many of the pbenouiena of phyaiceJ optica the 
fotniuliB ore tho same in die mechanical theory of F^nel and in the 
electromagnetic tlieot^' of Bdoxwell. In the some way the furtuuls 
uswl by electrical etiginecre are Independent of tbo diversity of 
thtit»ries concerning the nature of tlie current. 

If I have been obliged to poiot out, though beyond my subject, 
thb employment of the maibematicid tool es an auxiliary to tho 
partial pliyaical theories, it b in order to prevent all mbunderstond- 
tng. It appears certain that for a long time to come, as long, pe^ 
as human science shall endure, it will be under thb relatively 
mudest fortu that matliematics will render the greatest service to the 
phvsidsis. There b no reason why we shoidd be dbiatorested in 
tho general mathematical tiieories whereof physba has furnished 
iho model, whether wa may be concerned with speculations on 
partial dilferential equudona suggested by tho phvaica of the toali- 
ntium or witli statbtical speculations pertaining to the pbvsics of the 
diwoiUifiuum. But it should be well understood that tbo now mathe¬ 
matical tlieorios which discontmuity of physical phenomena might 
suggest can not bavo tho protenthm of entirely replacing classical 
mathematics. These are only now aspects, for wliicli it b proper to 
make room by tho fade of older riews in such a manner as to augment 
os much as jm^ble the richness of tiie chat rad world in which wa 
seek models suilfildc for makmg us better to comprehend and better 
to conjecture concrete phenomena. 

nr. 


It b frequently a BimpliUcation in nmthematifia to replace a verv 
large Imire number hy infinity. It b thus tliat the calculus of doll- 
nite integrals b frequently more sample than that of summation 
fotnmlie, and that the differential calculus b genorullv more simple 
than that of finite diffiTtuices. In Uie same way, wa have been 
led to replace the sknultunoous study of a great number of functbns 
of one variable by live study of a continuous infinitude of funetbna 
of one variable; that b to say, by the study of a function of two 
vurittbles. By a bolder generolbatiou Prof. Vito Volterra has been 
Je<i to delmo functuuw which depend upon other functions—that b to 
say, iu the most simple c^. functions of lin^-in considenne them 
Hs tho limiting cases of functions which would depend on a eiw 
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diverse generAlizatioii.^ hitvo rapidly iw^quired llie rights 
of u in mathijmatical phyides; iho employment of integral 

iK|uations, of Ts'bich the cloa^ical types ore the equation of Voltcmi 
and tile equation of Fredholmp has there bcjcome cuirent. .Utliougli 
tiiese tivoorieii may be well known to iiU, it h perhaps useful to ri?ea]l 
hriellv tlielr origin hy a particuhirlj simple example* We shall thoa 
better understand their from the point of vkw where we 

stand to-ilay. 

Ijct tis consider a syatem oompos^ of a finite number of tuaterial 
puintSp each of wdiicii ran deviate only a small amount from a certain 
pi^sition of dtablo oquilibriumH Tko differential equatioiLs wluch 
dctarmiiio the varialiousi of tiiesa deviaiioiis from thoir poailionit 
of e<|UE]ibrium can, tinder certain hypotheses and to a limt approxb 
niaiionr ho regarded aa lino^Lr in respect to deviations. If, 

moreover^ intruduee the hypothesis thiit the system satisfy the 
law of the conservation of energy^ tho differontiiil equations take 
a form very simple and classic, from which one easily deduces the 
fact that the motion may ho considered as the superposition of a 
oert ain number of periodic motions. The number of these elementaiy 
periodic motions is Cfiual to the number of degrees of freedom; it is 
three tUaes the number of the material points, if each of these points 
can he arbitrarily displaced in the neighborhood of its position of 
equilibrium. Tho periods of the simple periodic motions aro tho 
sptcifie of iho sydieuip which depend only on its con%tira- 

iinn and the hypothc^ses made ounceming the forces put into opera¬ 
tion hy its defortnatitm, but wlddi docs not depend upon the hiUbd 
conditionfi; positions and velocities. These initiid conditions deter¬ 
mine the arbitrary constants which figure in iho general integral 
and which are two in jmtnher for each |>criod; ilm intensity and the 
phase. 

Suppose now that the number of material polnU become very 
great and let us ideniify each of them with a molecule of a ^Iid body, 
a bar of steel for example; if tho hypotheses made contiiiue to bo 
verified, and tliat is wimt one admits in tl^c theoiy of eiastidty, 
their consequences will sub^bt also; we shall have, dien, a vety hii^e 
numlier of dutmcteristic constants, cimh of tliese constants defining 
a proper period of tlie t^yatem. Lei m increase to infinity the number 
of tho molecules. The system of dlffereiitiat e4|uatioiis, In finitely 
great in number, is then replaced by a finite number of partial differ- 
ential equations, whose fundament af properties are obtained by 
passing to the limit. In piirticuIoTf the proper periods can be deter¬ 
mined and we establish the remarkable fact that these periods con he 
calculated with precision and without ambiguity if wo take care to 
define them by cummei*ing with tho longest period; there is only a 
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^te tiiintW of p«rio{k aaperior to u giTMi interval^ but this number 
inereasea uideGoitcly wbeu ibo interval tonda to aero. 

The reasoning wlueh hna just bean outlined is of tbo typo of lUoao 
to ivliidi tlie suUtltutioD of continuity for discontinuity leads. In 
reality, tbe considerations based on tbo existence of moliiules play in 
tliem only an auxLlkty r&lo; they put oiio on the track of die solution 
but this solution, once obtained, satisfies rigorously the partial 
differential equations of Lamfi, equations wliicb can |)e deduced 
^ually well from tbeorits of energy us from molecular hypotheses 
The molecular theory has therefore been a valuable guide for the 
analyst in su^esting the coureo to be followed in studying the 
equations of the problem, but it is eliminated from the uhimaie 
aolut^n. On the otb^ hand, we know that this solution represents 
reahty onb’ imperfectly. We obtain an mfinitudo of proper periods, 
mstcad of a very gt^t numl«r of them; the actual numl^ Jo groat 
mihred, that one perhajs ou^t not to scruple to pass to the limrt aod 
t^ard It ^ pnictieally mfimte. If, however, one observes that tiro 
difficulties of the theo^^ of black radiation como precisely from tL 
very short pen^s and that these difficultiro are not yet resolved in 
an cntireij aati&fuctoiy maimer, one will perhaps ju%e diat he can 
not be too c^ful m evruything which concerns these veiy' short 
penmU. Perhaps this is why a physicist like Lorentx has noJdeem^ 
superfluous the eonaidenible analytical efforts which the atudv ^ 
the projiagaUon of wav® requires when wo c.xplicitiv introduce^he 
mdecules However n may J« m otJier cos®. ovenV ihesubstitt 
of the mlmi o for the fimto U entirely legitimate in certaL 
problems, it ^y be mterestmg to propose to oneself, from a purely 
i^thematiciil pouit of view, the direct study of functions or equi;- 
tions dependmg upon a groat, but fimte number of variables. 

IV. 

The fust difficulty wliich presents itself, when one wTahos te studv 
functions of a great number of variables, fa the exact definition 
such a function. I mean by tiuit an indimdu<il definitbn u«rmitt,*„ ' 
one to distinguish the deSniie function from an infinitude Tf otW 
anal^us functions Thc^ oxfat many general properties common 
to the matheidatical entiti® of a certain eategorv', indflnend<.n* t 
tl,e numerical value of the coeftiefante; for e^^pfa, ev^ 
quadratic form (that is to say, one alwttys poaitivo} fa «nli 
sum of the squares of as many independent linear functions «! Ii 
number of the vanabl® which it contains. One has at t i™ ^ 
to deduce mathematical facts from ihfa sort of physical r«n 
I must confess that I can not defend mt-self somfl 

in regard to tlifa sort of reasoning; for it ’appears a UtUe auqS^a^ 
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one can liotluco anything exact from o notion so general as that of a 
surfaco of the accond degree (let U9 say, for fixing ideas, a generalized 
elliffeoid} in a space having a very great number of dmienaiona. Let 
us emphasize a little the difilculty Unit there is hi knowing it) JiVufuaQ]/ 
Such an ellipsoid i Its equation may be snpposcid to be reduced to the 
sum of squares, by an orthogunot substitution; that is to say, the axes 
remaining rectangular. Such an ellipsoid, then, requires for its com¬ 
plete delmition the knowledge of w'hat w'e may the squares of 
the lengths of its axes; that is to say, the squares of as many poaitivo 
numbeta as the sjjace considered con tains dimensbns. The questbn 
of knowing whether one can consider tis ffivtjt so many iiuml>ers, when 
a man’s lifetime would not suilice to enumenkte a small part of them, 
is a question which is not without anatrjgy to that of tlio legitimacy of 
certain reaaonings in Iho theory of cnsotnblea, such as that one by 
which Frof. Zermelo pretends to prove lliat the continuum can l>e woLl 
ordered, and which suppoiie, as realized, an infinitude of choices mde^ 
pendent of all law, and at the same time to be uniquely determined. 
Oijinions ^y differ on the theoretical solution of thrae diflicultiea 
and hero is not the place to reopen this oontrovemy. But, from the 
practical point of view, the rosjmnse is not doubtful; it is not possible 
to actually write tke numerical equation of an eliipaoid whost© tixcs 
are as numerous as tlio molecules constituting & gram of hydrogen. 
In what sense is it, then, possible to spoak of a numericaliy deter- 
minate ellipsoid, poasossing a vniy- great number of dimensions? 
From on abatmet point of view, tbo most simple process for defining 
such an ellipsoid, consiata in supposing that tho lengths of tho axes 
are oqual to tho ^'uluos of u certain function which is simplo for tho 
integral yalues of tho varmble, One can suppiTSe them all equal (in 
w^hich case ho will aay that tho ellipsoid is njducad to h sphere). 
One can olsio suppose tlmt they havo for values tho successivo integral 
numbers taken in their natuiui order, storting cither with unity or 
with any other given number, or that they are equal to tho inverses 
of the Square of these integers, etc. In other words, we suppitse that 
the lengths of the axes are all dotortnined by tho kuow'kalgo of a 
formula simple enough for being actually wTittou, while it is not 
possible to nctutdly writ© ns many ^Jlsdnct numbore os tbet© are axt«. 
Another process, to wluch we are naturally leti by tho analogies 
with dio khiodc theory of guars, consists in supposing that the valueu 
of n function of tho axes such that the square of the lengths of tlio 
axes, or of their reciprocals, etc,, are not given individually, but that 
we Imow only the mean value of this fimcdoa, and tho law* of the 
4listrihutiona of the other values around tliis mean. We propose, 
under tins© condiUotis, not to study the proporties of a unique and 
w ell dotertninod eliipeoid, but oiiiy the most probable prupertU'S of the 
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ellipflf>i<l, Imowing onljr tlint it stilkfit'fl the iiiipc^srd canJitkma. Wo 
can yJbso say that study the mean pinperlirs id the enaunihle of 
the tdlipsoids definud by thi^ oonditionfi. TToro agaiu^ we may oIj- 
Bcrve that the prybable ellipsoid or the mean tdlipscrid b completely 
definud by the kjiovdwdgo of the niean value of the law of the do via¬ 
tic iia. If tlds law k iho tlttasic law of probabilities^ it mdudefl only 
two eoji&tanm. Lf wo were W to intrxHiuce a more complicated law^ 
thb luiv might io all coaea bo expUeitly written. The two proccoscfi 
that Wii hitve indicated arc then (H|uivtdimt from the imolvtical point 
of view. It would oiideuUy be the same with all other proei aaes 
that we can iniaghie, iviid notably with the eoaibiiiationB of tho twu. 

In a wonlj a figure which depends on. an extrouiidy great number of 
parameters can bo conaidercci a numerically dotemiinate cmly if these 
paraiuctcrs are defined by means of immoHi^d data suffickmtly few 
iu iiuinber to be accessible to us. It is for thiB retisun that the sLudy 
of the geoTiiotricid figiuxts in a space pf^aaessh^ an oxiranioly great 
nuEctlKT of dimoriaitJtJSj can lead to goneml laws^ if ive can exclude 
from thia study oodi of tht»so %ures as it is impussjblo forbi human 
btmig to define indiTidually, 

Hero arCp for examplu^ some of the r^isults to which one is led by 
the study of ellipsoids. In writing the equatioiiB in tho form of a 
sum of squarofit the isecond member bring itduced to unityp the co¬ 
efficients are equal to the rec^iprocals of the aquaros of the axes. If 
the mean of the scjuarcs of the&o ceeliicient^ b of the sama onlor ijf 
magnitude as tho sejuara of thidr moon, one will say that tlio I'Uips^iid 
ia not very im-gukTi The modes of definition ccncerniog which wo 
huTO just spokim lt>ad to ellipsoids w hich aro not very irregular, from 
thiT iiiomont when one ceases to ByHtematkally iiiLrnduce into tbe&c 
dfiinitioiis funedonfl purposely chosen in a complicated munnesr. On 
tlK' other Imnth wc ubtom a very irregular ellipsedd in ^^qu&ting to a 
constant tho tim of a tll^fonllublo compjiatHl of a very great 

number of moleculi*Sp thU t?tff viva being wiittui under tbe elusBic 
fotm of tbo sum of tlie vhf triva of tmiisladon of the total moss (xui- 
c^ntrati il. at the center of grarityp increased by the amn of tho 
eii?3c cd the moleculi^in tlicir motiou riiaUvo to ihk center of gravity, 
Thu gn*at L^^eg^lhi^ity cornea from the fact that tho products of tho 
total tnaaa by the three eumpimonts of tho velocity of the ceiUcr of 
gravity are uxtrnmely gimt in oomparisiin with tho other tumiB. 
When oji ellipatud is nut very irrt^gular, several of its pmpertics pormit 
comptuing it lo a sphere, which wo may call tho median sphom/ 
The surface of the dlipaokl m almost wholly comprised botw'cen ttie 
surfacca of two spheres very near to tlie niodiim sphere. On tha 
other hand, a iK-hit being arbitrarily choreen on the dlipaoiti, it is 
infinitely probable that the normal at this point ptisses extmnidy 
close to the center. 
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This gepmetricfil Biiidy of figii™ having n wry great numbt^r of 
tlimenaiijtifl I believe^ to bo thoroughly iiivcat^ated. U 

puts ill ovidenoct dio abstract buses of the theories of mechaiika itti.d 
statistical physics; that is to eay^ it enabled us U> distinguish aiuong 
tlio propositions to which physicists ai^o led, those which are a cousa^ 
quenoo of ph'p’wal h>'pothoa43S from those ^vhich lua derived only 
from statistical hypiitlieses^ Ilutp indepfmdoat of its physical 
utilityp this geomotricel study of spaces Iinving a veiy groat imnibof 
of dimonaioiia pres^uits an intoro^it of its owa. It is to the moleo 
iilfl r theorhtti th;ii wc aru indcljU^d fur iliis new branch of luathe- 
matics^ 

V. 

Wo can, lioweTor, ast ouraelvra whetlier it is legitiiiiato to regard 
03 connected with tlio molecular hypothesis a theory which oughtp in 
fine, to depend upon only a smuJl number of con!iiLao.ti^ To my that 
an ellipsoid with a very great number of dimensions is entirely dofined 
by fivo Dr sbe constants is to say that all the conse^iucnces that wo 
are to deduce from its study bIuiU bo expre^ible by meai^t^ of five or 
six constants. Wo can not suppose in such a case that it vdH be poa* 
aible to imagino an analytical inochnnbm which would permit us to 
obtain tho same consetpjencea, expressed by means of five or she conr 
sttmtSp without ita being necess^y to cause to intervone the equation 
poascdsing a very groat number uf termfl^ that is to say, without its 
being necessary to utilize tho molecular liypotlicais. 

It h w'oll tliat w& pause on account uf iUis objoction, though it 
may recall the controveisy between Uie energeti^ta and the atomistai 
a controvoisy in which tho atomiste appear to have had the iloci<!ed 
advantage. In the first place, wc c^uv reply with an argument of 
fac^t: It matters little tliat we might concoivo tlio possibility, ivithout 
making use of molecular hypotliefies, of comblnbig lunotig themselves 
the consor^uenccs of those hypotheses; the important thmg is to know 
whether this possibility is actually realized or if, on the contraryp 
tlioy are calculatious bused upon molecular hypotheses which con* 
stitute the mo^t gimpla^ if not tho oidy, mode of tl eduction- If thk 
latter altemativo bo correct, and it seems difficult to tleny it, molecu¬ 
lar hypoihesos *LrCi then, actUBlly vary necessary, and that alone 
ought to bo of coGsequenco to us. 

Under this moilest form^ which Lhe futuro holds in re^erve^ tins 
reply appears preemptory; but I believe that many physicists would 
not judge it too categorically. It is nece^ary to oliserve, however, 
that tho question is inikpendont of experimental proofs of the j^ality 
of the molecules. Should w e succeed in seeing, by means of an mstru- 
ment more powerful than a microscope, tho molecuks of a solid body, 
it would not follow, however vaiuablo this knowdc^lgu might be, that 
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one ahouid make use cif the name for stating the properties of tlih 
hody Lu the moat simple maimer possiblo. So it ia that tlie jast^sibilily 
oreoeiug an isolated microbe under the microaeope b not an indispen¬ 
sable condition for the attenuatSon of tho viruses and of tlie use of 
vaccin&i. In tho aarae way, in the reproiluction of a m^terpiece by 
photogravure, it is not tho individual knowledge of the points consti¬ 
tuting the negative that interests uuJ 

From tho abstract point of view, if wo aiimit that alJ Iiuman theory 
ought to be, in the last analysis^ expressed by means of a Jlriiie atnl 
rolativdy tomdl number of data, it seems difficult to deny the pnssi- 
biJity of entirely us tru cling the theory without cmisiug the iuter- 
venlion of hypotheses which imply the existenre of elements whose 
number suq5asses that which the inveiftigation of man can conceive. 
But tha verification of this abstract possibility can not prevail against 
the imxKirtance of someps rendered by moloeular theories in the 
unilication of apparently unrelated phenomena; and so it is per¬ 
mitted to consider these reserves on the possibllitiod of the futurOi as 
a simple matter of stylo. 

Is it possible to go still further^ and suppress aU reserve of this 
Jdndl In order to answer this question it is necessary to examine 
in detail all tho phenomena that one explains by means of the molecu¬ 
lar hypotheses tmd seek to ascertain whether an extremely largo 
number of parameters is really necessary to this explanation. Among 
the discontinuous phenomaiia whO}>o experimental laws nra well 
known, tho most characteristic are tlioae of spectra in scries. One 
knows til at the pcMtiom of the spectral rays aro dolerniined with a 
very groat precision by formuhe, of Vp-hich tho first aiid most simplop 
duo to Baimer, indudos tho difference of the redprocak of tiio squfiroa 
of two integers. Thero^ perUapa^ la tho moat remarkablo example of 
the intervention of tho integer in a natural law. If the laws of this 
kind wore more numerous and hotter known, we vrould perhaps be 
led to cite arithmetic and tho theory of numbers among tho bmaches 
of mathematics wdiicli one can connect with molecular physics. Can 
ono, by iucIuctioDp admit that tho formula of Bidtii«r k exact, not 
only for small integers concerning which the experimental vyrifica¬ 
tion k rigorous, hut for many other larger intorgefs concexntng whith 
thk verification k impossible! And if it k thus, k not there one of 
the dkcontuiuous pLieuomona whoso explanation requires a very 
large number of parameters 7 It does not seem so. On the one hand, 
the formula with tho varkblo integer, can contain with predaion 
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only ft smiiU numbot of consttvtitjs ; on llio otlier h&nd, the attcmpis 
maao for cgcplftmitif the prescnco of this inteifer by hypotheses of 
pbysicftl Uiacontinuity haTo lod lo the plftcinp of this clLsconlinuity 
in tho interior of the atom iitidU Tlioro is, then, no nml of a very 
great number of atoms; one iilone is aufficiont, whoso striirtiLro 
depends only Oil certain pdraniotors, on tnnynrfcms in the theory of 
Ritz, parameters wJioeo numbor is far from botttg of tho order of the 
niunbor of tbe atoms. 

This remark leads us to consider another calepoiy* of phenompna^ 
to whii'h we have already mado allusion and in irvliiciL tho a Loins or 
corpuscles are observed individually. Docs not the explanation of 
these phenomena require atomic hjrpothoscsl It seemB difficult to 
deny it without being paradoxical, Wo observe, however, that the 
phenomenn such as tho omission of tho rt-particles arc suBccptiblo 
only of a globate explanation; it is not possible to foresee with pi^ 
cision a determinate emission, hut only a mean number. It is, 
then, only this mean number the t exists, scientifically speaking. Tit o 
phenomenon which consists in the emission of one particle « does not 
present the choracterB which permit of dgorous experimentation. 
We know not how to foreaeo it or how to reproduce it nl will. It is 
only the study of tho trnjoctoiy nfter the emission that priBents 
th<^ cheruclors and in fact this study only requires equations suffi¬ 
ciently reslric-ted in number so that one can write them all. The 
atomic hypotheses should ponnit one to foresee such individual emis- 
Hon, if one could actually calculate with reference to an extremely 
great number of equations; but tlnit is not possible; and in tliat 
which coiicoms the ylciefe coniecturo the atomic hypo theses is not, 
at least a priori, nocessary. 

■\^■o touch hero upon the borders of science, since wo attain from 
pbonomona accessible to our observation and wbich depend iijion 
causes so numerous that it would bo impossible for us to know with 
precision oil their complexity. Science remaios possible only for mean 
values which one can eolculato with precision by means of data aocessi- 

blo to observation, , , . . 

It is Weil understood, I think, that I do not contest the legitimacy 
and the utility of molecular theories. 5Iy remarks as a mathemati¬ 
cian Can not attain physical reality; at tho liottom they rwluee them¬ 
selves to tliis: All tbe calculntioos we slioU ever really effect w'dl 
comprise only a sufficiently small number of equations actually writ¬ 
ten, If wo write one equation, and if we add that we consider some 
billions of analogous equations, wei do not calcu^te in fact eso 
equations which are not written, but only tho written equation, in 
taking count, perhaps, of the niunber of the equations which nro not 
written, a number which will also have been written. A ma e- 
matical theory, then, reduces itself to a relatively amall number of 
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equatioifts aad calculations, and which inTolrie a raliitivelj small 
jiiiinl>eir of Byaibols and numcrkal constanta. It is, then, not a pi-iorC 

• absurd to suppose that one might imagmo a physical model containing 
also a ralathrcly amoH number of paranaeters and leading to tha same 
equations. However, so long as this model shall not be imagined, 
and perhaps it never will Iw, the analytical or georootrical researchcjs 
on functions of a very largo but finite number of yariables will bo able 
to offer Internal to the physicists. 

VI. 

VTo have nlready observed tha tit is an ordmaiyproreedingin mathe¬ 
matics to replace a very largo finite !)y an infinite. What may this 
pTOceduro ^vo when wo apply it to discontinuous physical phenomen s 
whose complexity seems tied up to a veiy great number of molecules? 
Such are. for example, the phenomena of the Brownian movement 
which we observe when veiy fine particles are in suspension in an ap- 

* parently quiet liquid. These phenomena enter the category of those 
eonreniing which we were speaking a moment ago, for wduch only a 
Bi atisticfll foreknowledge is possible. 

Cun wo construct an analytical image nfit? Prof. Perrin has 
already remarked * that the oliaerved traiec lories in the Brownian 
movement suggested the notion of continuous Functions possessing no 
derivative or that of continuous curves posnssing no tangent. If 
wo observe these trajectories with opliciJ instruments mure and more 
perfected, we seo nt each new magnification, new details, the curvi- 
iiiiear am that we could have trncefl Itecomes tiisjiiacefl by a sort of 
broken line whose sides Form finite angles with each other, so it is up 
to the limit of the magnifications capable of actual roolization. If we 
adnul that the movement is pi-odured by the impacts of the moleculea 
against the particle, we should conclude from this that we would 
obtain, with a sufficient miigmficntion, the exact form of the trajectoiy 
which would present itself binder the form of a broken lino with 
rounded off angles and which would not bo sensibly modified by a 
still further mugnification. 

But the analyst ia not, forbidden to retreat indefinitely into the 
siipiMJsed obtainment of this ultimate state and to thus arrive at the 
conception of a curve in w'hirh tho sinuosities become finer and finer 
in proportion as he employs a higher magnification, without his ever 
obtaining the uilunate sinuosities. This is indeed the geometrical 
image of a continuous function not admitting of a dorivativs. 

Wo obtain thus a ciirvo of tho sumo nature, hut rather too special 
to stop to consider, when wo study the function which Boltzmann 

I Jnn l^rrta: La dtaortiUiauH^ J* !# nuUire. £mim i{r flolf, nun Isos, BtraiiaJtmfl \m 
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deeignAtm hy H and G5bh« by and which represents, in the caso of 
a gns, the logarithm of the probnbilUy of a detorminste distribution 
of the TpJoeitiea of the molecules. Each collision between two mole¬ 
cules gives a sndden variation to this function, which is thus repre¬ 
sented by a [serrated or] staircase curve, the horizontal projections 
of the steps corresponding to the intervals of time which separate two 
collisions; the number of the coHisioiiis undergone by a molecule being 
some biUjoiis per second (that is to say, of tho order of magmtude of 
to*) and the number of molecules of the order of magnitude of 10** 
(if w© Consider a mass of some grams of gas), the total number of col¬ 
lisions per second is of tho order of magmtude of 10*' power; such 
is tJio mimher of steps projected on a portion of the axis of the aV 
Gctssie dittal to unit 3 '', if the second is taken for the unit of time,* 
TVha t tho ])hyHicists consider is the mean bch avio r of the curve. They 
tejilace the serrated curve by a more regular curve, having the sumo 
mean behavior in tho time intervals wliich are very small in compaii- 
eoti to tho second, but very great in comparison to 10^ of a second. 

These diverse considerations bring interesting suggestions to tlie 
analyst, on which T would like to dwell for a moment. ^ 

In the first place, referring to the subject of continuous curves 
wiUiout derivatives of which tho Brownian movement bos given us 
tho image, sliould the passage from the futite to llie infinite lead to a 
curve aU of whoso points are points of discontinuity, or to a curve 
which admits an infinitude of points of discontinuity but also an 
infinitude of favints of continuity? For jiropcrly tindeistunding tho 
qiKsliori, it is nccessaiy to briefly recall the capital distinction between 
the dFniitiicrablc infin ity and tbo continuous iofinity. An infinite 
ensemble is said to be donumorabja if ils terms can bo enumornted 
by mcims of integers; such is ibo case for the onsemblo composed of 
tenns of a simple or multiple aeries; wo can olso cite as a deoumcrablo 
eneemiile the ensemblo of tho mtional iiuinl>crs. On tlio oilier hand, 
the ensemble of all the numbers comprised between 0 and 1, both 
commensurable and incommensiirablo, is not ilenumcrable, wo say 
t b at tliis ensemble hastbesamoiKJwcraslho confr n « um. If we d dm o 
a discontinuous function by a scries each term of which atlmite a point 
of discontinuity, tho ensemble of these points of discontinuity is 
tlcnumcrablc, as arc the terms tlicmselves. Can we determine a 
function which sJiall he totally diseontinuoua—that is to say, one whose 
points of discontinuity shall be aU the points of a continuous ensem¬ 
ble, and not merely those of a donumerable ensemble? It would 
seem to bo easv to imagine such a hmetion. Such is the function 
often studieil wliich is equal to 1 if g is commensurable and to as if s is 


n!. Irtdi, ueorl® Icir-rttos trao, uw ti^irts-i 




180 AXNFAl- Hi:POBT RAITTnSOSTAN* lUl*, 


int<DmmeT]siiT&hle; i\m funciui^n h inflcci! ili^ofilmiinuSj m much ^ 
for the corampusurablr Yflluea iis for the incommcnsurfthlo Talues- 
If we look a little closer, we jjorceive that the fliscontinuity is not of 
the same nature in these points; we would observe, in fact^ that the 
commoDsurablc tiumbers occup)’ mfioitely less space on ibe axis of 
the than do the mcommonaurable nwmljeni. The cnsemblo of 
these coinmensiirabk numbers h of dimenamn x^ro —that is to aay, 
it can be coufinefi wiiliin intertrala who^ total extent is less than any 
number given in advance. Speaking in more concrete terms* if wo 
choose a number at rsudonip theprobahilitj tliet it be conimensursble 
is equal to zero.* Wo therefore concludo that the function equal to 
X for tho incommensurable values of the variable is^ on an orcrajff, 
continuous for these incommonsurable values whatever be ita values 
for the commensurable values—that is to sajp tlunt if we choose, in 
the neighborbootl of an incommonsurablo value, for which w e fitiidy 
the cQUtmuity* another value otramfom, it is iulinitflly probable 
that cilia value taken at random will also be incommensumble* It 
ia* then* infinitely probable that the variation of the function will be 
infinitely small when the variation of the “variable is amalL 

This remark enables us to understand that it would not have lieen 
possible to define analyxiciLlly a function all of whoso points should 
he actually points of total discotitinuity. It is onlj- in points dotftr'- 
mineil aceording to the definition of the function^ and plajring a par¬ 
ticular pfiil in this definition, that the function is actually discontin¬ 
uous cm an average. 

TIio passage from the finite to the infinite, w hen we are cducernirt 
with the discon tin ultr of funetions is* then* not effectetl after the 
manner which is the mtjst usual in classical mathematical ph^’sics, 
where the matter is eupposoiJ to be continuous, and where we replace 
the finite by the contmtiouH. Wo are led to conceive a difFerent 
procops* which appears, i>esides, morn in harmony with the molecular 
conception and which conaiata in replacing the very great finite by the 
denumerable infinite. 

This is the Tvay Iti which the analytical generalkation of such eurveo 
m the eurves H presents itself from this point of idew: Let m con¬ 
sider a number written in the form of an intermlnato ileeimal frao- 
tion and let us imagine that the figures w"ldch follow the decimal 
point are grouped in successive periodsj each period containing many 
more figtircs than the preceding j^Ksriod* To each periotl we shall 
make correspond ono term of a ecries* this term being equal to zero 
if in the corrMponding period the ratio of the nmuljer of even figures 
to the number of odd figures is comprisod between 0.4 and 0.6 while 
if this ratio k not comprised between tbcao limits, tho term'corre- 
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ffpon<ting to tho fwriotl b equal to tlio term of tho same oxtlor ot a 
certaui ectnvergent serios with jM^itivo tcniis. It b clear that, if tlio 
leu)^lia of the |>i:!rioda increase!' rapidly^ h b infinitelj 

probable that a small number of periods only will furtibh tertus cliffer* 
ent from zero^ Ci>naequentl)% the seriea whkh ooiTe$[>omb to the 
decimal number will bo terminate; this tormiuate series bas ft certain 
aump wlikh roniains the same so long as tlie decimal niiml>er varies so 
liltlD tliftt the last one of the periotla wliich furnished a term to the 
series ho not modified; at least, in the inter^^al thus defined^ it is ex¬ 
tremely probable that the function correspondtng to the decin^at 
numl>er preaervea this constant and wrU detcrmiiied value—that b 
to say^ b represented by a liorbontal line* However, tfiere are in this 
mter^^sb hi eveiy uitcrYsb pftrtkular decimal numbers for wlikh 
certain jieriods of high or<kr, perhaps even an mfinitudo of such 
periods, are irregular from the jx^int of of the distribution of the 
e™n and odd %tirea. Tliere are then intert'ab whkli are cxtrenicly 
small, and, on an average, extremely rare, hut noverlhelcas every¬ 
where dense, in which the curve runs up above the horizonlal line 
wluch in general represents it- In one of these points, whkh wo mny 
cail of the curve, it is extremely probable that, if w'o take a 

neighboring value of the variable at rum lorn, the function will dimin¬ 
ish—that ia to say, that thb iminC has, on an average, the character 
oF a maximum in a point. 

' In the preceding example the maximit it re represented by iutervajs 
more or less narrow but finite^ fine can in modifying slightly the 
dafuiition obtain a curve wluch would coincide eTeryw^hero with the 
axis of X, exceptliig in po'mt^ not filling any iDtecTaL It suffices to 
agree that, in the series wliich we have jiait dctlued, ivc replace sero 
every term which h follow etl hy ,an infinitude of terms equal to zero. 
The new seriea can then be different from zero only if the terms of iha 
first series are all, starting fmm a certatri order, different from zero. 

The study of the analytical modeb tUuu obtflined Ica^l one to 
thoroughly examine the theory of funetiona of real variablea and 
oven to conceive new notions* such as the notion of avtrags denvahv£ * 
naturally suggested by the phyaiooJ example of the function H* 
Besides, it is ncce^ary to ob^rvo that, in the study pf these func- 
tknsp the notion of continuous ensemble b often combined wSih 
the iiotion of denumerabla ensemble; for esampk, it is easy to ee* 
that the ensemble of dcclnifil numbers whose figures are all odd 
present certain charactem of the ensemble of all the deciiniil num- 
bersi; it has, as we say, the power of the continuumbut it is, however, 
of zero dimension. 

tmUa CaenFUa mitica il4 Awf^auta dte April Ittli 

■ Zfpla rtumbat yi &f wtlaii! ^ fMpKllwflfinTi t,3, \ UM 

Ilt<in.l9,l,2,l,4,vimncntf44tlii! nQolbtfMMJriiumtwtirl.trt*f “rtlteitUl UiMjMtm wban hi* ii 1 

-13 




i8Si BEPORt SMXTHiiOiflAS ISSTlTUriDN , 

"We niflf also connect with these considpratioas the theory of 
denujrtproblo probabilities, that is to say, the study of probabilities, 
in tho case ■whera either the infinitudo of trials or tiie infinitude of 
possible Cftsea is denumernblp, a study lying between the study of 
probabilities m the finite cases and the study of continuous proba¬ 
bilities. 

Vll. 

In fiiite of the interost tif problenis relating tu functions of a real 
variable, it is the theory of functions of a complex variable wliich, 
since the hninortal iliscoveries of Cauchy, is really the centor of 
Bnalysls. The analog}' betTveen the thearj' of the hmctloua whicdi 
Cauchy hag called monogenic functions and that which wo often 
call pnal 3 'ticul functions and the theory' of Ijaplaco’s equolion wldch 
palontiula satisfy, is ccrtauily ono of the moat fruitful of tho analo¬ 
gies of amdyjiig. We know all the iidvatitago that Bleumnn lias 
reaiicd from the theory of potential ntid from tlie intiiiliou of 
physics in his profouiui researches upon tho hmctiona of a complex 
Variable. 

It is then natural to Rsk one's self what new ideas ean the molecular 
thcorips bring fonvard in the domain of complex variables. Iloro 
ngaui wo shall Ite led to repkeo the very laige finite number by tlio 
denumerable tnliiiity. It is easy to form series each term of which 
presents a singular point, the ensemble of the leniw of the Rsrios 
thus possessing a denumerable infinitude of singular points. Tiiese 
singular points may, for example, be so chosen as to csoincidB with 
ail such points among the points inside of a equarc whoso two coordi¬ 
nates are rational. The most simple series that we can thus f<irm 
presents itself under tho form of the sum of a series of fractions 
each of which admits a unique pole, which is a simple polo. The 
jihysicul interpretation in the domnin of the real of such a series 
loads one to consider tho potential of n system composed of on 
mfinitude of isolatcr! points, the moss concentrated bi each of the 
points being finite (which leads to the admission that the density 
in each such point is infinite if the point be nhstracily considered as 
it (itmpk geomctricttl point without dimensiotish T^e suppose, as 
*is well uudoT^tood, that the scries whose terms dcnele the values 
t>f the masses is convergent, which lunoiints to saying that the loiai 
maj^ Ls finite, allhough coneentroted in iin infinitude of distinct 
points, for example, in all the points whose two coordinates are 
rationai numbers. The potential with which we are n<nv concerned 
is ill the case of a plane what W'O call logarithmic potent id, We 
siiould be able to reason in an analogous manner in space of three 
<iimens1oiis; wo should then luive the Newtonian potentiut properly 
spi'sking. 



The hviwth*3ls ihftt the uttracting Jnasses are simple matwdl 
^UmPiwmns » diffieult to accept from a physical 



center. In sudi a faehion that if tlie series formed by the masi^ 
conterBca suffirieiitlr rapid, we can so arrange that tho radii of the 
spheres of act ion nko form a rapidly converging series, and that, at the 
fiftinp time, the nuiximttni density of the attracting ma^ l» 

It is also easy, if wo admit that wo dispose arbitrarlJy of the dism- 
bution of the masaes and densities, l« arrange so that the distnbii- 
tion in each sphere of action reilnces to»!ert>, and sjo for its denvativ^, 
over the whole surface of the sphere. The disttibulion of the density 
is thus not only finite, but continuoiw throughout space. 

Tlio liypothoais that we have made conceding the convergence of 
tlie series whose terms are the radii of tho aphorcs of nctiim huplies 
the convergence of tlie seriea whoso terms arc the projections of these 
splioiTs on any stmigUt line whatever. If, then, in tl^ senes wo 
suppr^s a certain number of Uie fimt terms, tlie remainder of rbo 
series can bo mode less than any number fixed in advance. From tins 
we condiido that, in an interval small os you pleose, taken on the 
straight lino on wliich we project tho aphcrcs, we can fmd an i^te 
numl^r of pointa wtiieh eppertam at the moat to a finite minilwr 
such projections, namely, those belonging t« the sphcris S wluch 
correspond to tho first terms of the series and which we have sup¬ 
pressed for rendering Uie renudnder less than the intenal consider^. 
If we consider a plane perpendicular to tho right line and passing 
tlnough one of tliese peinte (this point being chosen, as b possible, 
distinct from llio projections of the centers of the spheres S, finite m 
number, concerning which wo have just spoken), tliis plane uiil ^ 
moi^t intersect a finite numljer of sphoree S without going through 
tJieir centers, but will be exterior to all tho other sph of action. Tt 

13 possUdo to modify tlie distribution of tho matter witliin tho spheria 
S which are finite in number and intersected by the plane in such 
a manner as to repliMse these epheres by smaller spheres wlvich do 
not intersect the plane, this operation not modifying tho potent^ 
onteide of the spherea and the density remainmg finite, since tho 
operation relates to only a limited number of spheres. To sum up, 
it is poasiblo to find a plone perpendicular to any right Ime whatever, 
ciitliiig out of this line any segment whatm-er given in advance and 
such that in all the points of this plane the density shall he roro. 
Since our potonLud function fe defined by a density everywhere finite 
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jmiL«^i>iilliiunus. tULi pLiU’^nlial tlie equation of PoLs^ots, wldcb 

n^duccvi lUiAt tii the? cc|uiitiD[i of l^pLaco wkerovnr felvcn cieruiity ii2ow>; 
thiii. h to Biiy^ m utl tho points of the pianoa Ti^hk-h wo liivvo jiAst 
dofiiiiNl. It was not pmUtlfsaa to inaist upon tbi^ pointy for tliosc 
plcLtiE?s inay trjkTer&o regions of spaoo in tlie giTon msterial 

jMiintft itro cYorywhrro donso^ m for axamplo, sll tEm points whose 
coordmatffii mto rstionjil numbei^. Wti migiit have ontertained a feiu* 
l«.' 3 t Lliero uliDuld not ha free space between tho points so much pressed 
iHijgethor iiL any manner whatever; we hai'o just seen that this fear 
Id not juatUiad. The theorem of tlie theory of cnsonibles which is 
iim'^Aary and sulficient for demonstrating this rraiilt in a r^fOus 
mamier is tiio followinj^: If oa iJic st^ieni (t wtraighi liiif icw have nn 
iJifimif nuiui^^r o/partial xt^^enia (b spare, ilie projections of spheres 
of action) iolal l^vyth t# It^s (ban thi lm0b of the »rgfHent^ Uirre 

ffijftK 00 tliis an infnUf^ num^^ fl/pidnirf irfticA do -not periam 

to ftnif of ihf poriiul xr^menii$. Tliia eitunciatioti Ls alnut^ti oWdont^ 
uiul, besides, it h easy to rigoroosly dcmotistrate. 

In the case of the plane wo shah replace the spheres by crrelaa imd 
the plane porpendicniiir ata iMiini of tlio segmant by a i>EirpeudmuliW 
straight line. Wo easily prove that, e^"en in ti^o region where the 
singular aro evorj'wlierd ilenso, there are points h\ wliich an 

hifGiite miml^er of such iince inteisdct at which tlio density is zero. 
In fVioso poinhi logarithmic potential functitm satisfic?s Laplacc^a 
C4[UEktlari in two variables. If wo study in a rimilar way the function 
of a complex variable witii poles densi* in ouo rcr^on, wo tlGlinci in 
tliid region an infinite number of straigl^b lines of continuity inter- 
soeiing in all directions, the function admitting dorivatiA'E?a which 
are vontitiuotis on these Imes^ and fcbo derivafivo having the ^ame 
vidiio in all the diieetions in eiioh <d the ptnnts of intersection^ For 
oNprt’ssing tliis fact wo shall employ tlio osprossioti crcAterl i>y 
Cauchy for dosigiiating fiinotioiL^ wldeh admit a derivativo indib- 
pondont uf the argument of the increment of llio variable. Those 
functions will be ctdlod omno^inV; but they are not analyticalt if we 
res€Jwo for tho vropd “futalytical'* the v^cry preebo meanmg which 
it ha^ pn^^eseed since the labors of Wderatrnss. 

Without lingering mi the physicol imalugies suggested by iho 
oxhileiice of planes wliich do not interseefc the splipresj of action of 
the attracting masses^ I wish To insist a little upt>ii the nature of the 
mathematical problems set by the existence of the monogenic but 
iioiianulytical functions. 

Wc know that the essential pn^perty of analyilc^ii functious is 
that of being dctcrminAte in their w^hole domain of oxLstrnoe when 
their values arc given in one portion;, howover little it mny be, of 
this domaiu. Is thb property a coiisequenco of analytiedtj—that is 
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tosiiy, I>f tli^' c^xbskmcAi nf tlio 'Fiti'lijr stirit-a, with mihiis of LOllv^'r- 
geni^^iliEImiut froiu mto— or tif moiii»(feiieity; tVoit k M>^u>% of iho 
existoiLco of tlifi unique dorivativo^ Tliia quc^stioa lin^ no luoiuijii^ 
so long as we ci±n confound EuuUytricity with moiiogEitudty. On tlie 
other hand, it takes a Tory cirar aigmCcation as soon m we have 
.succwiied m constructing nonanalyticjil moitogciiie functiona. 

TcMiay 1 can not enter inU> the detail of the deiluctions whereby 
this problem lias Iwen renolved.* Hero is the result: It is, mdeod, 
mouogcneity which ia the (^eutiiil character to which tho funda- 
nientul property of analytica! functioiis Ls due. Tim fundamental 
property aubtbta for the iLOimimlyticel monogenic functions as soon 
os wo specify clearly tlxe jmture of tho domains in which these fvi na¬ 
tions are consUlered. I have proposed to ctU the domaim satlsfyiiig 
ilieso dblinct conditions domains of Cauchy. A domain of Cauchy 
is obtained by cutting off from a contiuuou.s domain domains of 
exclusion analogous to theapherosof action just mentioned, domains 
which may be ktfmito in numbor, but whoso sum can bo supposwi to 
bo less than any given number (just as the spheres or cuxdos of exclu¬ 
sion just cciisidoTcd, whoso radii once chosen wre can multi[)ly by 
any number hfss tlmn umty% and are free to increase the upper linut 
of tlia density in tlio same time tliat tvo dccrcEisa Uia nidu of exclusion). 

Tho tMsriea formed by these excluded domains shoukl, us is well 
imderstootb he suppoaed to be convergent: ntorcoTer, wo ought xo 
auppuse that its convergence b more rapid than tlmt of a detemti- 
nate aeries which it is not necessary to write here. Under tliese 
coniUtions, which refer only to the domain and not to the function, 
cvm* function which in Cauchy's domain saUsfios tho fuiidainentai 
equation of monogeuity possesses the property of the atia- 

lylical function. We can calculate it throughout its domain of 
existonee by the knowledge of iLa dorivatives at one point (the (ixbt- 
ence of the fiist deriviilivo involves the existence of all the derivatives, 
at lesst in a certain domain which forms part of the Cauchy domain) 
and this mode of calculation implies the consequence timt, if the 
monogenic function be zero on an arc however small, it is scero m 
every point of the domain of Cauchy. Two functions cuti not, then, 
coincide on an arc without coinci<hng throughout their domain of 
existence, in the generalized sense. 

1 can not develop the consequences of those results fmm point of 
view of the theory of functions; but I would, in closing, submit to 
you some reflecLions which they stiggest, upon llie relations bctwt^ui 
mstbeioatical and physical continuity. 

■•Sm ^llLQ»Bar«l: rbUI">tlnfn ■i.rWtmw, ffiDCtbUlA rTfcrtrLiH ^ p*| Elifia^nQtfl { FJIU] 
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vni. 

The niitjority of fhc pqUHtlons where I ty we interprot the physical 
phenomenti Luve certain properties of continuity* The solutions 
vary in n ronliiiuous uianxiert Ht least tlurin^ a certain internal 
gmiter or leas in length, when tha given quoiititles vary in ii Contili- 
iioua (natiner. Beaitlw, tliLa property ttt not absuluteiy general, amt 
it alight iiappen lhat tlie ibwuiesof the^uan/o of emiaaion or alisnrp- 
t ion may lead to attacliiug more importanco tUim has bctui done lic're- 
tofore to exceptional cnaca; but tonlay I do not wisli to begin this 
dbeuiision. I real content with tlio general property, vcrificii in w 
v«r\' great number of cases, 

liVhen we seek to Inlcrpret this pro{>erty in the theory of the jwlen- 
lid and of the monogenic functions, w® sbouhi expect, if for skupli- 
Qcution we confine oiimelvts to the real fuocUons of a single variable, 
to find a sort of continuous pasaag® between aucli of these femetium 
us ar® analytical in the Weierstnasian sense and iboBO wliicli are en¬ 
tirely ilbcontitiuaus. But it is Itiis w'liich does not occur unless wo 
consider nonanalj^cal monogeme functions* From the timmeat 
when a function ceases to be analyticid, it no longer ]iosGGSfiea any of 
the essential [>ropcrties of analytical funcUons; ih® diacontinuity is 
sudden* Tlie new monogenic functions permit on® to define func¬ 
tions of real variables which luiglit bo called quosianaljlical and 
which constitute in eornc way a son® of transition betw-ecn the class¬ 
ical anfdytictd functions and tbo function® wtiich are not determined 
Vjiy the iaiowlcdgfl of their derivatives in a point. This tnmsilion 
xonu deserves to be studied; it is often the stud)' of hybrid foniis 
which heat teaches in reference to certain properties of clearly detei^ 
niine<l species. 

■VVa se® that the points of contact botwoen molecular phyaica and 
mutbematics are numerous. I have been able only to rapidly point 
out the prindpiil ones among them. I am not competent to ask 
whetlier the phyeioata will bo able to derive an imiucdlato profit 
from these analogies; but I am convinced that the matliematlcians 
con only gain by going into them thoroughly* It is always by a con¬ 
tact with nature that mathematical analysis is revived. It is only 
because of this pemijuicnt contact that it has been able to escape 
tbfi danger of becoming a pure eymboliatn, revolving in a circle about 
itself: it is owing to molecular physics that the speculations on dis¬ 
continuity are to take their complete signification and bo dcveloppil 
in a way really fruitful. And, for lack of exact applicatjona impossi¬ 
ble to foresee, it is sufllciently jirobable that the mental habits cre¬ 
ated by' these studios will not be without advantage to tlioae who 
shall cle^ro to undertake tho task, wluch will soon bo imfxiscd, of cr®^ 
ating an analysis adapted to theoretical rcscorehcs in tlm pliyslca of 
discontiuuity. 
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By r^r. G. A. 


Mtktli^mnticfl hs& ^ Jargu liuii»eht>ld and there ftre alwap rumujw of 
profipMtive iidditions despite hoe tige luid her stipiHi^ed itusterity. 
WitJu>ut aieiitig to give a coniplofce list of tile rumnes of the members 
of houiseliolJ W 0 may recall hcie a few of the most prominent 
ones. Amojig ihoeo wkicli antedate tho beghmitLg of the Christian 
em ikt^^tiTvejiiLgp spherical ustronomyi goiteml mechanical and niuthe- 
xoaticid optics* jlmoiig Llio most thriving younger membera are 
celestial mcchanh^r thermodynamical mathematical electricity^ and 
molecular physii^a. 

Usually a Ifirge hou^holtJ servea aa one of tho atroiigcat mceutives 
to flctivityi and mathematics has always rcspimded heartily to this 
incentive. Aa the must dfieient condnued service calls for iinUBual 
fcarce and ingenuity, maihimiatics lias had to provido for her own 
development and pn>per nourishment In addition to pro%'idmg ^ 
liberally as pufisible for her houseliuld. This double object must be 
kept proauncntly before our eyes if we W'ofdd comprehend the present 
mathematical acli^ities imd tendencies. 

TTicn=? is ainother imixnlant iucentive to mathematical atitivity 
which shoulil Im? mentioned in this eoimectioin 3b{adiemaiiL-s has 
been very hcjapitable to a large number of other scieiijees and as a 
consequence some of these sciences havu l>ecome such frequent 
visitors that it is often difficult to distinguish them from the regular 
mombens c>f thi^ household- ^Imong these vkitora are economics, 
djnamii.’al gcolc^, dynamical meteorology, and the statbtical partu 
of vacuus biohjgical sciences. Visitois tisually expect the best that 
can Ijo prtiTuloEl for tlicm, and the ellorta to please them fi'equently 
lead to a more careful study of available resources than those which 
are put fortli in providing for the regular household. 

We hare thus far sjjokGn only of w^hat might be called the material- 
ibtic incentivea^ for mathematical development, "V^Tdle ihesu have 
idways bocu very significant, it is doubtful whether they have been 
the most jiowcrfuL Symmetry, harmony, and deganco of form have 
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always n]}j>pii1ed jiowcrfullj Ui ilamo tninthf^iiiati(3i; iUHl a, keiiii 
curiosity, fanned into an intctv'^ fliuno hy little bita of apparently 
uitMibemit iiiforniatlimf Li^pirod some of tbo moat arduous and 
pry longed resoarcli,je^i. Incentives of this Idnd have led to the 
malie» of tfus inwritic, Tolating to rofmoments v^Meh are essentially 
foreign tu eoxmtmg and measuring- The first im|>ortant refinement 
of this type relates to the concept of the irrational^ introduced by the 
aueient Grceks. Ae an inatonce of a comparatively recent develop- 
mont along this Imo we may mention the work bitaed upon Dedekind's 
definition of an infinite aggregate as om- hi which a part is sunilar or 
eciuivalent to the whole.* 

^lathematica is commonly divided into two pnrta called pure and 
appliedj respectively. It should bo observed that there oro Yorious 
degreer^ of pnrityj and it is very difficult to »ay whciro mathematics 
becomtw sufficiently impure to be called applied. The engineer or 
the physicist may itdiioe hk problem to a difFerential equation^ the 
Gtudcmt cd differential equations may rodiico hk tn>uhli» to a question 
yf function theory nr geometiy, and the workerB in the latter fidda 
find that many of their difficulties reduce themselvefi to questions i[i 
number theory * or in higher algebra, Ju&t as the studeni of applied 
mathematics can not havo too thorough a trauiuig in the pure matho- 
maties upon whidi the applications arts based «o the student of Romn 
part* of the su-calied pure mathematifts can not get too thorough a 
training in the basic subjects of ihh fiehb 

As maihematics h such aik old scienre aiid m there k such a close 
ndatioii bt’^tween varioua ildih, it might be supposed that fiehls of 
reseapcrh woidtl lie in remote and almost inaccessible parts of iIub 
subject. It must be confessed that thk view is not wiihout some 
foundatiuiip but these are days of rapid tmnsporfcation and the 
student starte early on Ida malhematicd journey. The quostioa m 
rvgordi^ the extent of explored country which should l>o studiiMl 
before entering unexplored regions is a very peqdcxing one. A Ytfn^ 
time would not suffice to become acquainted with all tlie known fields, 
and there ore those who are so much attracted by the explored regions 
that they do not find time or courage to enter into the unknown. 

In t$4U 0. G. J. Jacobi used an illustration, in a letter^ 4o his 
brother, which may servo to emphasize an importjmt point. Ilo 
states that at various times he had tried to persuade a young man to 
bi»giu rtwcarch in mathematUTu, hut this young man always excused 
luniself on the ground that he did not yet know enough. In answer 
to thk statement Ja^bi asked thk man the following question: 
^'Suppose your family would msh you to marry would you then aUo 

* ^ dm imuua tfrnl hf nifiTiqiiMj*^ rd. 1, Z. 
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reply thnt you did Jiot ai>c how you ooiild nmixy now, tm yoiv biid not 
yet Wnnio ucquatnUHi with all tlio yoime ladies V* 

In eonnection with this rwnurk by Jacobi we may recall a remark 
by "TiQ th itr prominent German mathetiiatician w'ho also comparefl 
tiie choice of a subject of research with maitia^. In the "Fest- 
achiift znr F'eier des 100 Oaburatagcs Eduard Kummer” 1910 , imgo 
17 , Prof, lifliisel states that Kummer declined, us a matter of prin¬ 
ciple, to assign to students a subject for a doctor's thesis, anjiiig 
that this would seem as if a young man would nsk him to rocom- 
niond a pretty young lady whom tlija young man should marry. 

TVhilc it limy not be profitablo to follow- these analogies into 
details, it should bo stated that the oxumt to which a subject has 
been develo|M*d docs not necessarily idfect adversely its desirability 
as a Held of rrsietirch. The greater tho extent of the dovelopmont 
the more frontier regions will become exijosed. The main question 
is whether the new regions which lie just beyond the frontier are 
fertile or barren. This question is much more ua[)ortaiit than the 
one which relates to the distance that must be traveled to reaeb 
these new fields. Moreover, it should bo remembered that msthc- 
matics is Ti-ilknensional, 7 l being an arbitroiy positive integer, and 
hence she is not limited in her progress to tho directions suggested 
by our experiences. 

If wc agrro with Minkowski that the integers (ire the source of all 
mathematics,* we should remember that the numbers which have 
gained a place among the intcgcra of tho mathematiciaD havo in¬ 
creased wonderfully during recent times. According to the view-s 
of the people who preceded Gauss, and according to the elementary 
maUmmatica of the present day, the integera may be reprcsentoil 
by |ioints situated on a straight line and separated by dufiuito fixed 
dktanco. On the other hand, the modern mathematician does not 
onlv rdl up the straight line n-ith algebraic intr^rs, placing them 
80 closely together that between any two of tliem there is another, 
but he fills up tho whole plane equally closely with these integers. 
If our knowledge of maltuunatics hod increased during tho last two 
centuries as greatly as tho number of integers of the mathematician 
wc should be much beyond our present stage. The ostrfiiiomsra 
may be led to the conclusion that the universe is probably finiia, 
from the study of tho number of stars revealed by tolcsooiies of 
various {lowers, but tho mathematician finds nothing which seems to 
contradict the view that his sphere of action is infinite. 

From what precedes one would expect that the number of fields 
of mathematical research appears unlimited, and this may servo to 
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ruriii^ii ti piLftiitl explaiitiitioii ot tho facb Lhut it impossible) U> 

giTc? A complete JefmitioD uf^the i^rm matliematicij. H llio slwjve 
view b correci^ wo hivvo tio ros^n to expect ihat a complete defiid- 
don of \im term ’will e\''or be possible, oltboogh it ^jils pt^iblo 
tlmt n aiitbractory definidon of the developed part^i may be forth* 
coming.* 

Among the varimia fiotda of resenreli those which surroimd A 
fltiuidiiig problem Are perfiaija most ouihiblc for a popular exfioei- 
i\ 0 Uf but it should not be inferred that these aro necessarily the 
most hiLporiimt points of attack for tba young mvestlgetor^ On the 
conimryp one of the chief diiTcrooces between tho great maUiomati* 
ciflii and the poor one b that the former eim direct hb stufients into 
fields wlilch ore likely to become well known in the near futurOi 
while tho latter cim only direct them to tho weU-knowii atandiiig 
problems of tlio past, whoao approaches havo been triimpod down 
solid by the feet of tho mediocro, who are oftan even too stupid lo 
realize their Ilrnitutions^ The best students con work their way 
through thb bard cru&t, but the paddle o£ tha weaker ouaa will 
only to increase its thickness ifSt happens to make any impraa- 
sipn whatever. 

It would not bo difficult to fumbh a long Ibt of standby matha- 
maticn! jirobicms of more or less libtom* intexKt^ Probably all 
would agree that tho Tmysl popular one at the present time b Fer- 
mat^s greater thooretu. In fact? this theorem haa become so |>epulflr 
that it takes courage to mention it before a strictly mathematical 
audieuce, but it does not appear to bo out of pluco before a mor^ 
general audieticG like thb. 

The aueient Egyptians knew that 3*+4* = 5% and tho Hindus 
fciiew' several other such tiipleU of iniegeis at least as early as tho 
fourth century before the Christian era.^ Theso triplets constitute 
positive integral solutions of tlic equation 

Pythagoras gave a genera) tide by means of which ona can find 
any desired number of such solutions, and heuco these tripleta are 
often called Pythugorean numbers. Another such rule was given by 
Plato, whtlo Euclid and Diopbantiiis gcneralused and exU'ndeil tliese 
rult^. 

Fermat, a noted French muibematk-ian of the seventeenth ceiitmy, 
wrote on the margin of a page of Lis copy of Diophantua tlio theorem 
that it is impo^sibla to find any positive integral Aolutbit of the 
equation 

+ fa >2), 
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He atid+Mi limt ho had iliwcovtsred a ^vonderfiil proof of this thtioromi 
but that die of the page tiki mot aflord enoufjb room to ad() 

it.’ Tbia theorem baa flinee become knowu &a Fermut’a greater theo¬ 
rem ftocl ba-s a most interesting and important history, whicli wo pro¬ 
ceed to sketch. 1 ■ T t' r 

About a century after Fermat had noted tins theorem, Baiier 

(1707-17S;d proYi.'d it for ali the cases whim n is a niiddpla uf cither 
3 or 4, atid tluiiiig the foUiwing century l^irichlet (1805-1859) uul 
Lo^mdro (i 752-18:13) proved it for all tho cascij when n ia a muldplo 
of 5. The most imimrlntit step toward a genera) proof was taken 
bv Kummer (1810-1893), who applied to diis jirohJem the modem 
theory of algebraic niimbora and waa thus able to provo iia truth lor 
all multiples! of primes which do not exceed 100 and aUo for all tho 
multiples of many larger primes. 

Tho fact that such eminent matheninlLciana ns Fertnat, Fulcr, 
Dirichlct, Legendre, otid Kmnmer were gready interested in this 
problem was sulficieut to securo for it conaiderulik prominenco^ in 
mathematical literature, and several mathemuticiana, including 
Dickson, of t’hicago, succeeded in extending materiaily some of tho 
results indicated above. The’circlo of those Uddng an active inteufcjt 
in the preMcni was suddenly gready enlurgwl, a few ycara ago, when 
it became knoi’WTi that- a prize of 100,000 jnarhs (about $25,000) was 
awaiting the eno who could present the first complete solution. 
This amount w as put in trust of the GOttingcti OeseUsdiuft dor Wissen- 
schafton by the will of a deceased German mathcrnaticiftn namod 
Wolfakchl, and it b to remain open for about a century, until 2007, 
unless some one should successfully solve the problem at an earfier 
date. 

It is too early to dotormine whether tho balance of the eifecte of 
thia prize will tend toward real progress. One deairnblo feature is the 
fact that tho intercat on tho money is being used fcotii year to year to 
further iroportunt mathematical enterprises. A certain amount of 
this has already been given to A. Wieferich for results of imiairtaiico 
tow aril the solution of Fennat'a problem, ond other ajiiounts ivero 
employed to aecure at GSttingen courses of lectures by Poincarfi and 
Lorentz. 

TVhat appears as a had effect of thb offored prize b the fact that 
many poitplo with very meager mathematical training and still less 
ability are w asting their time and money hy workiiigout and publiah- 
ing supposvil proofs. The number of these is already much beyoml 
1 ,000, and no oae can foreaeo tho e.vient to which thb kind of li terature 
will grow*, specially if the eonipbte solution will not be attained 
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tlwj coittury. A grciit jiart uf thld vviisto M'oiild bi> fUiuIuAteJ 
if ilioiir* M‘bi> wTiuld IDco to tliclr uliSUy nbiiig lliLi lino rould Ji 4 ? 
inJaciHl t4i tvadt before tliey i^ffer dioir work fur inibUciitioji, the lik- 
oimziiDn uf niciDQ thiLn 100 anppnfMMl prwfs emuB ure |»oiiited 

fiiit ill ft Germfln nmtiiciiiaticral magamio called “Ardiiv dcr Miitbe- 
trmtik uud Phyaik/"^ pubiiHibc^l hy B. Cl. Tcubner, of A vpiy 

u^ful ptunpbkt deeding tbii qu&^iun b euiitlodt ^'ITeber daa 
kuio ForniatJistlio ThforBiii^ von B. Lind/* and iviikS ulLpO publMitid hy 
11. U. Teubner^ in 1910* 

A pn»iiblo gix>J effect uf tliu offered prbc is that it luay give Hbe 
t<» iLcw devdopuicnts and to new metboda of attack. As the inoat 
snceos^idiil partlai of the pnublam was duo Ut tho modem 

iheon' of iilgebniic numbers, one M’ould natundly expect tiuit fnrLher 
progr™ would be most likely to result frunj u further oj^tetmoD thifi 

tht^ry^ or, ptjrtsibt>% from a still more ptJWcrful future theory of nmn- 
bers. If fiudi exten^ous will result from tldw oUer thty w^ill go fiir 
lo offset the bad effort noted above, and they may leave a iiii^idec] 
surplus of good. Such a standing problem may also tenci ~to 
malhemfiiicid idi:ilatii'| which is one iff tho most eeriou-s bamers to 
real pn>groH 3 . Wo should welcome everj'^thitig wluch ieiida to eloviito 
the truth id>ovc our idola fonned by men, lustitatiiJiiSf or 

In view of the fset Umt the offeml prize is about t^OpOOO and that 
lack uf nuirgimd space in bk copy of Dic^phanius waa the reaaon 
given by Fermat for not conuminicating hia proofs one might l)o 
teniptiHl to whsh Unit one eoidd ^nd credit fur a dime back through 
the Hges to Fermat and thus secure this covetcil prize and the w'on- 
derfut proof, if it actually existed. TMs m^hit bowovor, result more 
scrieujdy ihan one would at lifst suppuec;; for^ if Fermat had boughl 
on CTCilit a dinie'e wt>rLh of pajmr oven during llic year of doath^ 
16^5, and if this bill had been limwing c^^mpound intereai at the rate 
of 9 per cent aitma ibat lime, the bill 'waiild now- iameunt to more i bao 
seven times as mu.vh aa the prke* It would therefare re€[uim more 
than $150^000] in addidon to the amount of the prize, to settle lliis 
bill iiuw. 

While it h vary dnairablo to bo famili^ with such at en ding prob- 
hms ns Formates Lhecjrerii, they should generally bo used by tho 
young invost%aior as an imlirect rather than ss a direct object of 
roBoarclu Unity of fairpaso can probably not be secured in any 
better way thwi by keerping in close touch with tb« nutsters uf the 
past/ anfl this unity of purjKwo ia almofit ^^mtbd to socuro mal 
effwotivo w'ork in the immense field of mathemaiical endeavor. As, 
a clatisj of problems w'hioh are much uLuro suitable fur direct objects 
of research on the part iff ihi:^ vrix& are not in cIdso contact vdtli a 
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master in Iw Efild, nmy mention iho numotfius pma aubjocts 
which are imnmincfni from y«J*r to year by foreign ficadeniiea. 

Among iho Icmmed aodntiea which tumounce such subjocta tho 
Pam Acinkni^' of Scicincoa b probably moat widely known, but ihoro 
are many othera of note. ITio suhjocte niuioiinced annually by thc^i 
sorintiea cover a wiiie range of maLhomatical intorvsta, but they itra 
frequently bftyoml iho reach of the young investigator.' It is vciy 
ojisy to obtain (boso sublocta, rinco they goneniUy appear in the 
of many mathematical joumala* In our coimtw iho Bul¬ 
letin of iho vVmoricaii Mathomaticujl Society is rondoring very useFiiJ 
sanneo along this and many other lines. Wliile some of tJirasa sul^ 
jects are very gonend , tharo are others which indicate clearly I he 
partkular difficulties ti likh nm^t l>o overcomo before further progress 
in certain diroctioiiH sootna possible and henco theses 3iib]wts ilosfiiTTo 
carofni studyp fsiiocially on the part of tho yoimgor mvwtigatora, 

-Vs long one k completely guidod, in selecting subjects for to- 
sojircih^ by tho stan^Ung ]irobleniB or by the subjects announced by 
learned ami those proposed inflividually by proiiiinent iiivoa- 

tigatora^ ono k on safe ground* Rod progress dong axiy of these 
linea k wclcomod by our best iournslsi as such progress can oodly bo 
meaaurtid^ ami it lita into a gonoml trend of thought wliick k easily 
accessible in view of tho many ilnvelopod avenues of approach. 
Not wit list fuiding iheso advantages, tho real investigator should roncli 
tlio tituo wUoti he caji sfdect fck own problorns wiLliout advice or 
authority; w'hen he feob froo to look at iho w-holo dination from a 
liigher peunt of viow and to a^iuno tim responsibility of an indo* 
jHin<lent choioo, imwpoetivo of tho fact that an indopendunt choice 
may entail iLkirust arul misgi^inge *>n the part id niany who ivnuld 
luiVe supported him nobly if ho had roauitnotl on their pUinu. 

In looking at tho w'hole aituaiion from tins iiigher poiiu of view 
many new anti perploxing questions confront, us. Wi\y should tho 
dovelopmonia of iho peat have follaw'ot! certain routes 1 "Whiit k 
the probability that tho devolopmcnt of tho temtoTy lying between 
two sudi routes wiU lahihlt new points of contact ami greater unity 
in tho whole flevidopment ? What should be somo guidhig principles 
in aolecting one rather than another subj^'Ct of inveatigation I IVhat 
oxpltutation can we give for thti fact that sumo regions bear ovidences 
cjf gniat activity in tho jHist hut are now' ]jmctically ileaerted, while 
othe m mainiainod or iticrassed their relaiivo [^opiibirity thro ugh all 
times f 

Ono of tho most imiwnant trata that can be appliasi to a particular 
mathomatkd iheoiy is whether it sorvos na a uniJ^ig and clarifying 
principle of wide applications, ^Vh^ithcfr those appixcations rolat4> to 
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]niro nialhcmalits only or to rolatffd finlds swriis lo*s mporiant. In 
fMlp tho wjbjflcts of applicniion m&y Iiato to bn dovelopod. If this 
is ilir m so mucli tlio liettor provided a! ways iKat ito realm 

of tlMiugbi wlioaa relations are exhibited by the thooir is ostoiisiro 
and that Lko rplationB am uf such a strildng diaractor as to appeal to 
a large niimbor of malhemalieal intellectfl of the present or of tho 
future. fk>mo bolatinl facta may bo of gmat interewi, hut iis long as 
they are isolated Lh<^y have littlo or no mat nmthomatiiail intoreat. 
One object of mathematics is to oniihle ms to deal mtli infinite seta 
with the same oaso ami conjidnneo as if they worn individuals. In 
lids way only cun our finiia mind in^ii $ystomatIcai!y somo of tho 
infinUe sola of ohjoets of mathematical thouglii. 

In comparatively recent years the spirit of ergaiikalkm Jms made 
itedf fnlt among mathematicians with rapidly increasing power^ and 
it 1ms already led to mmj important results. Beginning with f^inaU 
informal orgnuheaLions in which the sundial element was often. rin>aL 
prominent, Ihero have resulted largo sijciclies, national and t^von 
international, with formal organisations ami vnih extonaive publica¬ 
tions. In rofetvioiio to one of thiise etirly organiKations, the mathe¬ 
matical s<>ciety of Spitalfiehls in Tendon, wldcli lasted for more then 
a contiuy' (I7t7-lg45), it is said that each memlHir was expected to 
come to the meetings with Ids pipe, his mug, and his problem.^ 

The modem mathcmatkal society is dominated by a different 
spirit. It genprally supimrts at least one organ hjr publication, and 
sriiolarly publidty develops scliolarly cofiperat ion as well as scholarly 
ambiiion-s. This cemperation has Iwl to moYoments which could not 
Iiave lawn undartakeTi by a low intiividuals* One may recall here tho 
Bovue S4™t»stricIIo^ puldLshecl under tho auspices of the Aimlerdam 
Malhcmatical Sodeiy; tho extensive moYomont to examino anil 
comparo methods ami coiimea of mat Itomatiool iustniction in vamiufl 
countries, inatiguratod at tho fourtji uBemational congress, hold at 
Bomo in lOOS; and, especially the great mathematical encjyclopodias, 
whoso start waS largely mfluencotl by the support, of tho doubichon 
JUtlminatiker-VoToinigung m cxpri^od at the Yicnna monting in 
1804. The French edition of the Utti^r work, which is now in ihi^ 
course fd publication, is expected to include M large,volumesj 1j(>sidcg 
thf>&o wliich arc to be devoted to questions of tho philosophy^ tho 
teaching, and tho hbtoiy of malheriuilics. 

Tlicsi* encyclopcitia^ and other large works of roference are doing 
much to expedite travel in llic mailiemfttieal fiehL In fact, it would 
prohahlj not be e-vaggerikling if wo should say that by these encyelo¬ 
ped itis nloui? thx* ilislam-ca in lime and effort bet ween many poioLa 
of the mathematical field have lieeii cut in two. In this connection 
it may he fitting to recall with a deep tsense of obligation (he great 
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work which is being done by the Itoyftl Society of Lonjon—not only 
fortuotliciiialics, but nho for a large number of other sciences—in pro¬ 
viding bibliogttvpbicai nids on « large scale. Tf the increase in knowl¬ 
edge will olwftTB be attended by a corresponding increase in means to 
leam readily what is knovTO, even the young investigator of future 
will have no toosoh to regret the extent of tlic developments. On the 
contrary, these should make hia task easier, since they furmah such a 
great ricUnt^s of analogies and of tried methods of attack. 

The bi.«t two or three Hlccades have witnessed a great extension of 
tnailientotical rescarrli activity. As a result of this wc have a large 
tiumln'r of new* matiiematiCBl societies- A few of the most recent 
uncs are iis follows: tsalcutta >rathematical Society (1908), iian- 
rheslcr Matliematical Society (J90S), Scandina'V'hui Congress of 
Matbematidans (1909), Swhis Mathcmalical Soeiety (1910), Spnnifdi 
Malliematieal Society tlSlH, mid the Kussian (^ongr^ of Mathe- 
maUemns (ID 12). In «Tapan a new matlteinaiical periodical, called 
Tdboku Miuhcunatical Journal, w«a started in ItJll, and a few years 
earlier tire Journal of the Indian Mathematical, Society was started 
at Madrtw, India, Tlie Calcutta Mathematical Society and the 
Spaniriti JIatheinaiiral Society have idso started new periodicals 
durmg the lost two or three voats. 

While there has been a very rapid spread of mathematical activity 
during recent Yearn, it must be odmitted that the greater part of the 
work which is being done in the new centers L» i|mt« elementary froni 
tlic standpoint of research. The city of Paris continues to hold its 
preeuiuient mathomaticHl position among the cities of the w‘orld, 
and Germany, i^'ronco, and Italy continue to lead all other countries 
in regard to the 4 uality and the <|Utinlity of research in pure mathe¬ 
matics. 

Allhougli .\merica is not yet doing her share of mathematical 
reseaci^h of n high order, wc have undoubtedly reached a position of 
reajifH'tability along this line, and it should be (Uksier to make further 
progn^s, Jloreover, our matcrittl facilities are increasing relatively 
more rapidly than those of the countries which arc eliead of us, and 
hciu'o many of oiir younger men start under very favorsblc condi¬ 
tions. Unfortunately, there ist not yet among us a suffid^tly high 
apprwtation of Bcholariy attainments and scientific distinction. The 
honust and outepokeii investigotor Is not alwa^w encouraged rs he 
ought to bo and the beat positions do not nlwaj'S seek the l>est man. 
I coupled '‘outs]Jokeii” until “investigator" advisedly,since research 
of Ugh order implk's litjcrty and scorns shams, especially shams relating 
to acholorship. Kven along these lines there seems to 1w encourag¬ 
ing progitjss, und this progress may reasonably he eKpcctcd to incrc^e 
with the possuig of those who belong to the post in apirit and at lain- 
meuts, Wliat appears to he ii verj* seriou.s element in our situation 
is the fact that the ,\ 3 iierican uni verm ty professor does not yet seek 
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anti sJufegUttPtl his freedom with thfl zeal of his European colleague. 
It ia too fonunonly assumed that loyalty implies Ijdng. 

The investigatore in pure mathematics form u small army of about 
2 ,r»ntl men tmd a few women.' The question naturally arises, What 
is this Utile army trying to ncconqjliah? A direct answer is that they 
are trj'tng to find niiil to construct paths and roads of thought which 
connect with or belong to a network of thought rowla commonly 
known as mathematics. Some are engaged in constructing traite 
through what appears aft almost impassable region, while othere are 
antlening and smoothing roads which haec been traveled for centurica. 
There nre others who arc eugaged itt driving piles in tho hope of siKur* 
ing a solid foundation through regions where quicksand and mire 
have combined to oliatrurt progress. 

A chanwti'rialic property of mathematics is that by meana of cer¬ 
tain postulates its thought kmuIs have been provetl to be safe and 
they alw’a^ lead to some prominent ohjcctivo points- Hence they 
primarily serve to efonomize thought. The number of objects of 
mathematical thougl^ is infini te, and those roads enable a finite mind 
to secure im intellectual penetration into soma parts of this infinituda 
of objects. It should also be observed that mathematics consista of 
a r/mtueitd network of thougiit roads, and mathematical progress 
means that otlier such connected or connecting roads are being cstub- 
fi^ed which cither lend to new obj^ttve points of interest or exhibit 
new connectieus between known roods. 

The network of thought roarls cftJlod mathematics furnishes a very 
interesting chapter In tho intellectual history of the world, and in 
recent yeom an incroasing number of investigators have entered tho 
field of niathomatieal history. The results are very encoiireging. 
In fac't, thero ore very few otlier parts of inathemntiea whero the 
progress during the last 211 years has been ns great as in this history. 
This progress Js partly roQectetl by eimcinl couraes in thiii aubjact in 
tho leaihng universities of tho world. While the earliest such course 
seems to liave been given only about 40 years ago, a considerable 
ntiml>er of universities are now olTering regular rouises in this subject, 
and thaao courses have the groat advantage that they cstabliali another 
point of lietpfnl contact between mathematics and other fields. 

Muthematiad thought roads may bo distingiiishcil by llio facts 
that by moons of certain assumptions tliey have boon proved to lead 
safely to certain objective points of interest, and each of tlicm con¬ 
nects, ot least in one point, with a network of other such roadn which 
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Wfre caUed mathemalics, ^v,u«ra. by the ancient Jrceks, 'Hie . 
mathematical investigator of the prewat day is 

roads into domains .vhicli were totally untaoi^T. to the older math^ 
miiticiaas. Whether it wUl over be possible to panctmto aU acient^c 
Cwledge in this way and thus to unify aU tlie advanced scientific 
BUbiecU of study under the general term of mathemattca, was th 

case with tlio ancient Greeks,‘ is a question of d^p 

Tlio scientific world has devoted much attention to the collation 
and the classification of facts relative to material things and 
securiHl alreadv «n immonscly valuable store of such bnowlod^o. As 
the number of these facts increosos, stronger and stronger means of 
intellectual penettation are needed. In many cases mathematics has 
iJroady providecl such means in a largo measure; and. judging from 
the past, one may reasonably expect that the demand for such meam 
will^ntinue U) increaso as long as scientific knowledge contmu^ to 
crow. On the other hand, the domain of logic has^ been widely 
STtendorl tlmiugh the work of KusBell Poincar^, and others; ^d 
RusseU's conclusion tlmt any falsa proposiuon impbes all other projn 
ositions whollier true or false is of great genoraJ mterost 

During the last two or Uiroe conturi^ th^ has been a mwt 
remar^lo increase in facilities for publication. Not only Lave 
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have arisen. i no oiuc^v uity^ is the donmal d® Javans, 
which was stoilad at Paris in 1605, wKde the 
Koval Society of London, starte.1 in tho same ye«, should P™b»bly 
be regaided 'as tho oldest of the former type. These 
d^ne^an inestimable amount of good for the growth of knowledge 
and the spread of the spirit of investigation. At the pr^ent time 
more than 2,000 articles which are supposoil to be contributions to 
knowledge in pure mathematics appear anuin^y m such periodicals. 
In addition to these thero is a growing anmud list f books. 

The £freat extent of the fields of mathematics and the rapd growth 
of this literature have made it very desunMc to ^i^ uicfiM of 
iudeine more easily the relative merit of various publications. Aio^ 
this line our facilities are still v^ry meager ^d 
eulties present themselves. In America wo have ^e ^eyie^ 

and the indirect means provided by the mcetmgn of v-anous societies 
and by such pubUcaaons ns the "American Men of Smenco. 

The most important aid to judge contemporaneous work m fi¬ 
nished by a German publicatioii known as the Jahrbuch uber d 
pl^hritte der Mathcmatik. In this work th^ 
a’hoiit 1 000 Daeea of reviews of books and article® pabli^ihcd or 

yim These ore pr epared by about 50 difiorcnt 
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mtitiH-maiidfiii? wh« arc aiipposcd tci he well prc|iurcd Uj pubii judg- 
iiienl on ihc pankulnr books and Jirticles which tltcj imilcrtako ir> 
roTiew% Wliik Ihesc reviews are of very nnequuJ mcjritr they are 
renderiiig a service of the proatest value. 

The main object of flueh reviews is to enable the true student to 
hmi eaailjr what progre^is others are makhig, eapodullv in his mvn 
field and in thoat^ cWly related iherelo. They Hon-e, however, 
fittotlier very landa blc purpose in the t Ptso that they are Tcliablo+ AV c 
have the pretender and the unscrupulous alw'njB with us, nnd it is 
iilnioat ns important to limit their field of operation ns to eiieourngei 
the true hivest^ator. "(*ompjuiious in zealous research” should lie 
fearless in the pursuit uf truth and in tho dbdosure of falsehood, since 
these qualities arc lessenlial to the atmosjihen:;! which ts favorablo to 
rescairh- 

While the mathematieal uivestigator ia generally so engrossed b}" 
the immediaio objccta in view- that he seldom finds time to think cd 
his scin ice^ to humanity as a wholOj yet such thoughis imturaHy come 
to him more or lees frequently; c^spcoially since his direct obji'cts of 
resd^h seldom lire well fur subjects of general conversation. 

If these thoughts do come to him they ahould bring with them great 
inspiration. Wha can cstiniate the amount of good mathematics haa 
done anti is doing now? If sll knowiedge of msthematics coidd 
suddenly be taken away from us there woidd be a state of chaos^ and 
if all those things whose development depfindod upon mathenmrical 
principles could be removed, our lives and thoughts would be pauper- 
ia^ed immeasurably, Thb removal would sweep aw'aj not t>iily our 
mtKlam houses and bridges, our commerce and landmarks^ but also 
nuwrit of our concepts of the physical universe. 

Some miij be tempted to say that tho useful part^ nf matbamadcs 
are very elementary and have little contact mth modem re^arch* 
In answer, we may observe that it ifl very C|uesdonabIo -whether tlic 
ratio of tho dm^clopcd mathematics to Lhst which is finding direct 
applicotioii to things which relate to material advantages is greater 
now' than it w'lie at tho time of the ancient Grooks. Tho last two 
centuries have witnessed a w^ondorful advance in the pure umtliL'- 
matica w'hich is commonly used-* While the advance in the extent 
of the develo|ied fields has also been mpid, it has probably not been 
relativoly more rapid- Hence, the mathematical investigator of 
tcniay can pursue his work writh the greatest confidence asxegards his 
aofv'ices to the general uplift both in thought and in material better¬ 
ment of the human race. All of his real advances may reasonablv be 
expected to be enduring elements of a struoiurv whose [lermanonco is 
even more assured than that of granite pillars, 
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WliPii M. AbftiKniu ritiivfi Ut nm lunl uskiwl tJiat I close tliis sorira of 

<tf tins Socifit^ friingitiBC do PlivsiquCf T Hi first iiiclui^ ^ 

to refuse. It seomed aa if cscJi subject lind been completely dia- ^ 

cussed and that I could have notbing to add to llmt whk-ii had 
alreadv been so well said. I could only try to put in wo^s tiie itnpres- 
sbn seemed to emerge as a sumninry of alt tbe discuBSloiia, and , 

that impression was bo definite that each of you must liavo fell it. I - 

did not see how I could make it any clearer by fotcing myself to put >)( 

it into worcbi. But M. Abraham insisted with auch good jfraee that 
1 resignwl rayBclf to the inevitable dilficuUiw of which the greatest ^ 
is to repeat what each one of you haa long eince felt, and the least w i« 

to run tliroiigii a nioRo of diveree subjects without the time to dwell ') 

on any one of them. rt'i m • ■ 

One thought must at once have struck all those present. The old ji 

mechanical and atomic hypotheses have, durmg recent j oars, become 
60 plausible that they have ceased to seem like hypotheses j atoms 
arc no longer just a convenient fiction. It seenis almost as if we 
could see them, now that we Ignowhow to count them. A tlieoty 
ftjBft n n i ptjt fwahtv and giuns in probahihty when it sccounta for new 
facts. Yet this may result in dHTcrent wajis. Generally it h^ to 
be enlarged to include the new data. Sometjjnes it loses in precision i 
liu it becomes broader. Sometimes it becomes necessarj' to engrert ^ 

upon it an accessory hypothesb which plausibly fits in with it. but 
which nevertheless is ^inewhat foreign to it;, atitl eontitved expressly 
to fit a certain case. Then it can uenreely be said ■ that the new' > 
facts coniirni the original hypothesis, only that they are not incon- 
aisient with it, Or, again, there may be between the new facts and ■ 
the old, for which the hypothesis was onginally conceived, such an 
intimate connection that whatever t heon' renders account of one must, 
hecause of that connection, render account of the other as well. 

Then the new data which fall in with the old are reaHy' only appar¬ 
ently new', __ 
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It is quite different when wo discover n coineiilctiLe wlneli could 
hoTe been ]jredicled, und is thus not the result of thuncC) ond 
cially when that coincidence is u numerical value. Now, there are 
coincidoncea of tliis last uatutc which have recently brought cotifir* 
niation to our atomic views. 

The kinetic theoiy of gi^ has thus received unexpected cortob- 
oratioii. Now ttteoriea have been very closely |mttemed after tJio 
kinetic theory, for instance, the theory of solutions os weU as the 
electronic tliwry of metals. The molecules of a dissolved substance, 
as well as the free electrons to ivhich metals owe their electrical cun^ 
ductivity, behave just an do tJiB nioloculas of a gas within its inclo- 
fitire. The parallelism is perfect and can be followed even to numer¬ 
ical values. Thus what seemed doubtful becomes probable. Each 
one of these three theories, if it had to stand by itself, would seem 
only 811 ingenious hj-pothesis for which we might substitute other 
c.vplanations ctjuully probable. But wban, as in each of the llitue 
cases, tt different explmiation would be nevessury, the coincidences 
found would be. inadmissible aa the result of chance, whereas the 
kinotk tboories make the coincidences nec'cssaty. Further, the 
theory of solutions quite naturally leads us to that of the Brownian 
movements, where it is impossible to consider the themiaJ agitation 
ns a theoretwal fictiou, since it is actually eeen under the nuc^cope. 

The rcniafksble counting of the number of atoms by Perrin cum- 
pleled the triumplt of the alaniic theory. What carries our convic¬ 
tion are tlifl multiple concordances among the results obtnined by 
completely different procedures. But a sJiort time ago we would 
have tbouglit ourselves fortunate if the numbers found had the some 
number of <Iigits; we would have luskcd only that the first significant 
figure Bhould be the same. That fust figure we know to-day. IVhat 
is more remarkable, we are now* dist^ussing even the most diverse 
properties of the (itoins. In the processes tiswl with the Brownian 
phenomenon, or in those used for the law of rndiation, w-e do not deni 
directIv with the number of moma, but with their degrees of freedom 
of movement. In that process where wo consider the blue of the 
skv. the mechanical properties of the atoms come into play; the 
atoms are looked upon as producing an nptical discontinuity. Finally, 
whan w’e take in hand radium. wUat we obsein’e is the emiadon of 
projectiles. Here, were there discordances, no ecibarrassment would 
have been felt, but happily there w ere none. 

The atom of the chemist is now a reality. But that docs not mean 
that wo have reached the ultimate limit of the divisibility of matter. 
When Democritus invented the atom ho considared it as the abso¬ 
lutely indivisible element within which there would bo nothing 
further to distinguish. That is what tlia word meant in Greek. It 
was for that reason that it was Coined. Beyond the atom bo wished 
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no fiirthor mjTtfprj'. TliRrefore ihe atom of iho fliemUt wotiJd not 
Lbvi’ satisfied Uim ainco ihiit is not iiwliyiBiblp; it, is not a Lnio rlpmant, 
it is not free from niyatery. from ewrots, Tlie cUcanist s atom la a 
uniTorso. Democritus would have considered, even after so much 
trouble in finding U, that we were siiH only at the beginning of our 
search' — tiiesp philosophers are never satistiwl, . • t 

And ao the second thought winch comes home to ub is that eweb 
nevr jihj-sicttl diBcovery brings added cotspleiily to the atom. To 
begin with, tlicae bodies, which we believed simile, and which indeed 
do act in many ways like simple bodies, may be Bciiaratcil into ycL 
simpler components. This atom dieintegratca into yet smaller 
Atoma. What we call radioactivity la the ijerpctual breaking up 
of atoms. It is sometimes spoken of aa a transmutation of elements} 
that is not strictly correct because an elemeut is not really trans¬ 
formed into another element; it is really docomposocl into several 
others. The products of the decomposition are still chemical ato^, 
rimilai' in many rcajjwris to Iho more comples one. wdiich in breaking 
up guve'birlh txj tlicni. It is a fdicnomcnon wldcJi may be expressed 
by "the most common kind of a reaction by a idmmical cfiuadou 
wdiich would bo accoptod with very little luaitatiou by the most 
conservative chemisi.. 

Nor are wo vet duno. for within the atom we ibid yet nioI'e ■ cicc- 
irons. Each atom is like a sort of solar B>'6iem where the small 
negaUve clectroDH play the r*lo of planets rcvohnng artiund the great 
pCGitivc central electron which takes the place of our Bun, It is 
because of the mutual attraction of llicso electricities of oppodto 
sign that the system is bourn I together as a wlmlo. This attniclion 
governs llio periods of the planets and these periods fix the wave 
lengths of the light emitted by the atom. It is becaiiao of Liie aclf- 
induction of the cumints formed by the moving clectronB tliat the 
atom SO fonnod has an apparent inertia which we call iw muaa. 
Baidas llijpso captive oloctrons there arc others wliich are free iiml 
subject to the ordmarj' Idnotlc law s of gosi^i and which nnvder metab 
cunducUve. The second eJass are like tlie comets wiiich circulate 
from one stellur ayatem to (mother, establishing thus sn. exchange of 
ccteigy between distant systems. 

But we have not yet come to an end. Bcaidea tliKo clectrona. or 
atoma of electricity, wc find magnetons, or atoms of magnetism, 
which we meet to-day through two different paths; ihruugh the 
study of magnetic substances and through tiie stmly of iho spectra 
of simple bodies. I need siot remind you of the beautiful disci^ou 
of Weisa and the astonislung relationships and comraensumbilitira 
wliich liis expeiiments sliowcd in such an unexpected mtinner. 
There were numorical rijlationalutis tvhich could not be due to chance, 
and for which an explanatiou had to bo sought. 
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At the smno time i^xpliuiatinii wna ncctssury for iho curious 
distribiitioD of tbe liiire in the spcetnim. Acconljng In the work of 
Boliuar, of Knyaor. of Rniigo, of Ryilbens, tluso tinea art! distributed 
into definite series and each series obi*ya simple laws. We might ai 
hret expect to find tlicso lavra those of harmonica. .Just H.a a cord, 
vibrating wfitli infinite degrees of freedom, gives an infinite series of 
haniupmos wliuse fretjueneifts are multiples of the fundament al 
frwutency of the cord, and just as a aonorous Iwdy of more complex 
form ida<> gives out au analogous though lew aimpio st'rim of liar- 
monies—fur instance, a Hert» resonator is suaceptibh* of an infinite 
number of different perio<b—ao might an atom, for iilentical reasous, 
give out an infinite aeries of different wave longllis of light, \ ou 
know that this simple explan a lion failed, because with the speetru- 
MXppic phenomenon it is the fretjuency and not its ariuare for widch 
tfio expression is simple; for the frequency docs not become infinite 
for hannoniea of an infinitely Idgh order. Tlic idea must either Im 
modified or abandoneel. M attempts at modification luive be<*ii 
futile; the method reJuscs to bo adapted. Accordingly Hitz abaiH 
doned tins ihcotv' and repreaentetl the vibrating atom as fonned of 
a rotating eleclron aD<i several magnetons placetl end to end. Tlicn 
tlie mutual eketrostoUc attraction of the electrons no lottger deter- 
mincs the wave length; that depends on the dectromagnelic field 
foitiied by the electrons. 

It hi rather dilUctill to accept tbw idea liecause it aoems sumowhat 
artificial. However, we must resign oumelvw to it for the time being 
since continued search for another has so far proved futile. How 
does the atom of hydrogen prtiduce lines of asvernl difTerent wave 
lengths Y It Is not because each one of the atoms could produce any 
uf the lines in the spentrum of hyvlrogen and does produco this or 
that one of the lines according to the initial condition of the vibration. 
It ta because there are sovcrol kinds of hydrogen atoms, (Merii^ 
atuong theni.selv«t by tho number of niogtiotons in line, each atom 
[traducing a different wave length. Can these different atoms change 
from one kind to another, end if so, bow ? How can an atom Iohd a 
magneluu as docs »eem to happen when wo pass from one allotrapic 
form to another 1 Is it that a magneton escapes from an atom or ilo 
some of the magnetons in alignment change and become irregularly 
distrihiiicd I 

This disposition of magnetons, end to end, ia a pecuhar character^ 
islic of the theory of llitz. Tho ideas of Weiss must seem to ua in 
every way less strange. The in^jnetons must bo placed either end 
to end or at least parcel since their resultant effocis comhine arith¬ 
metically, or rather algehnuealJy, not geomotrically. 

Kow what is a magneton ? In it a aUnple thing ? Xo, provided wo 
widi to retain the h 3 q>othi:^H that they result fremt Hperial atiiperiou 
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current*!. A mngneton ii tbcii iv whirl «>f elix^trons ami so our atom 
gains and giuns in complexity. 

Wo now como to soiiifttMng still better becanso it pertnita us to 
ediimato tho complexity of the atom, the theory wluch Debiemo 
announewl near the end of this series of meetings, ft relntw to an 
explanation of the low gtiverning radioaclire transformations. The 
low is vprv simple. It Ls exponential. Its very form suggests at 
otirie the principles of statistics. Wc recognize the earmarks of 
chance. Thta chance iloc."! not here relate to the fnriiiltous encoi i n ters 
of atoms and other exterior biwUes. Its causes Uo mthin the interior 
of tho atom itself, T wish to bo undoistooil to refer not only to iho 
c-ause relating to tliis chance but to something yet deeper. Other¬ 
wise we would find external canditions, the temperature, for instance, 
having an offect upon the coeflicient of the exponent. Now that 
eofiiiiciont is remarkably constant, indee<l (hirie proposwi to use it 
as a measure of aiieoliito time. 

The chance wliich rtiles t he transformations which wo are consider¬ 
ing Ufs wholly witilin the atom. Tliat is, the atom of a radioactive 
body is a imivers* within itself and a world subject to chance. But if 
wo ronsitler a little further, when wo talk of probabilities we think of 
great numbers of things. A eloaod wt>rUl mmle up of a fow elements 
Would obey laws more or lesiS coiuplicated but they wouI<] not bo 
those wo consider wlten we deal with Htatiatics. Then it must follow 
that an atom is a veiy complex world. It w true that a closed worhl, 
at least one nearly clnsctl, would be at the many of any extBricir 
perttirbalions to which m'o might subject it. Since the atom is sub¬ 
ject to tliis statistical law there is consequently on internal thermo¬ 
dynamics of the atom and wo can talk of the internnl temperature of 
it. Bui, mark, this temperature has no tendency to get into cquiHb- 
tium wiili tho icmpEraturo without; it is aa if the atom wore shut up 
within a perfecUy adiathermio BhcU. It is precisely because it Li 
thus eloscil, because its functions are so sharply limited and guarded 
by ihU imporviouK shell that the atom is tm individual. 

At lirst, tins comple.tity of the atom does not seem offensive; it 
aconis as if wo would not be embarraEse*! by it. But a littlo reflection 
brings dilliculties not apparent at flrst. When wo connteil the atonti 
ivo reoJly did not count their numbers directly but their degrees of 
freedom of movcmonl, ami wo implicitly assumed that each atom 
hail three degrees of such freedom. This also accounted for the 
observed specific heats. But each new complexity must introduco a 
new degree of freedom nml wo become troubled in our count of the 
iitoms. Thk diUiculty did not istcape the attention of tho origin atom 
of tho theory of the equiparthion of energy. They were astonishefl 
at the iMimhcr of the lines in the spectra, hut, seeing no way of escape 
from their diflicuStiei;, they IjohUy passed them by. 
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Tlio most natiiTui expltiniilicni seems to bo tliis t.Ueoiy of the etom 
ns ft vpri' eomples worlil^ one abut up entirely to ilaelf. Exterior 
events beve no Tclfttion to vbat pnaaes on mOim, nor does whut 
buppona witlun affect the exterior woiid. Tliat can not be atrk'tly 
true or else wo would bo utterly ignorant that thoro is any tiling 
ivilliin and tlie atoms would appear as aimple material pointB. Tbo 
truth is that we can sea what happoiis witliin only os through ei voiy 
snudl vrindow, im<l there is practically no exchange of energy betworn 
the mtftriur and what b outside: there is consequently no tendency 
to equipartition of onorgy between the atomic world and that without. 
Tlio btcnial temperature, aa I liave just stated, does not tend to 
approach equality with Uiat outside. That is why the specific boats 
are the same as if no intenial complexity exrstod. Ixit us now unaglno 
a complex body made up of a hollow sphere whose inner wall is abao- 
luteW impcsTvious to heat and within which is a groat numlier of 
various bodioa. Then the otiaorved sperillc heal of such a hotly 
would he that of the exterior sphere just as if the interior bodies did 
not exist. 

The door wldch ('loses the interior of this atomic world opens, how* 
over, from timo to time, os when a particle of radiuna is ahot off. 
The atom becomes degrail(jd in rank in the radioactive hierachy. 
Wliat happEned thenl How did tins docompoidtion differ from an 
ordinary chemical decorapceltion t In what respect does the atom 
of uranium, foimod of helium and aomoUiing else, have more title to 
the name atom tium the half molecule of cyanogen, for inatance, 
which behaves in so many ways like a simple body though formed of 
carlmn anti nitrogen? Doubtless th* atomic heat (I do not know 
riiuL it has been measured) of uranium must obey the law of Dutong 
and Petit and would correspond to tliat of a simple atom. It shovdd 
then bocorna double at the moment of the emission of the helium 
particle, when the primordial atom decomiiosea into two secondary 
atoms. Through tliat decomposition the atom acquireii further 
degrees of fioedom tiiTough which It may act upon the exterior 
world and Hie new degrees of freedom should bixsome evident in an 
iucreasod specific hoat. IVliat would be tlio difference between the 
siMwific heat of all the com[»nont9 and that of the compound hotly I 
One would expect that the heat set free by the decomposition would 
vary very rapUlly with tlio tempearaturo so that the f(>ireation o4 the 
radioaetivo molecule, which Is strongly endothermic at ordinary 
tenipemturts, would become exothermic at higher temperaturae. Wo 
could thus understand better how the raiHoactive compounds coulil 
form, a proeffls whlcli is very mysterious. 

However, the concept ion of a little dosed world, opened at moments, 
docs not Bulffce to solve our problem. It would be neccasary thiit t he 
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equijmrtidwn t>t enotjO' supremo cmisido llm t loseil UttU* 

worlil Buvfl fit tlio murnont. tUe vloor npoiUKlj but that is not true. 

The specific boat of solid bffllies diminishra wpidlv witli dccrotisin^ 
tcmppraturcs as if some of the degrees of freedom of the ftioms were 
Buccfasaivoly poralYzed—frozen, so to sjmak—or^ if you pr^er, Imve 
lost connwitioD xinth tiio estorior vorid, withdrawn witldit the 

inierior til some unknown manner. 

Furthennoto, iho law of ■'black” radiation U not what would 
nxiiactcd from tlio theory of cquipartition. The law wliicli results 
from tliat theory fe tlio one derivoil by Knylo^hf and that law, 
besides involving an evident contradit tion, since it gives im inlliiLte 
total railiaaon, ts absolutely at variance with experimental resvdta. 
In the emission of a black body there is much its^ light of short wave 
lengths than woidd be tequii'ed by the equipartition liypotlicsts, ^ 
Planrk eonsoqueaitly doviseil liis quanta theory, according to wluth 
tiioexcliungo of energy between the matter and the otlicr^-OT tadier 
between imUnajj- matter aniJ the small rcsonatois whose vibratioDs 
fumhih ilio light of tocandoscent matter—can take place only inter- 
milloutlv. A resonator can not gain energy or h>sti it in o continu¬ 
ous manner. It can not gain n fraction of a quantum j it must acquiro 
a wdiolo quantum or none at all. 

Why, than, docs Uio specific heat of a solid diminish et low toiupcrn- 
tuns* Why do it* atoms seem to lose ccrtaui degrees of freedom? 
It is bociiuse the supply of energy ofTereil to them at low lemijeralurte 
is not groat enough to 0 vb to each a quantum, Certain ones could 
got only a fraction of d quantum and, as they will take a whole one 
or nono, they xemniii without. 

It is iuat Bo in the case of radiation wdierc certain resonators 
which can not have a whole quantum take nono and romaiu inaclive, 
CoUBCquenlly there is much less nultatioLi at low temperaturea than 
there wouhl olherwiflO be. Hnco the requiretl qiutnlity becomes 
greater as tlm wave letigth hecomtw sliorter, it k especially tho 
short wave-length rcsonatoiB whicli retonin inactive, so that the 
prol.iortion of short \favo-lBngth light is much than that indicatiMl 

by Kfljleigh’a formula. , . , . 

To say thet a plausiblo thooiy should removo nil diflirulties would 
ho som^'liat naive. When a somewhat daring theory is launclieil, 
difHcultiffi are expected. If wo upset all the accepted notions, wa 
must not be surpriseiJ at Bomo obstacles. Such difficulties do not 

count os voliil objectinna. _ 

I toko the i*ourage, tlierefore, to indicate some of those difficultws, 
and 1 will not choose thoae which are the greatest, nor the moet 
evident, those which occur to everyone; that would bo futile indeed, 
smeo you oil recognize liiem immediately. I wkh to state to you 
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iLe sorira of mentnl attitudes tJirough wlni’H I Imve succi-wfliTclv 
pnsscd* - 

I asketl mytidf iirsl what was the value of lUo proposed demonstra¬ 
tions. I SAW I list I could got tlie probabilities of tlio rartous (iistri- 
butiotis of energy by simple eninneraiion^ since the tiiimbere wens 
fortunately tlnite acconling to the hy}iollifeiea, but I could not see 
why they were ail equalfy pHSuaible. TUen I introdiicMl the known 
relntLons between tins entropy, the temperature, and tlio probability. 
That aasurcKsl the (MMsibility of a thermodynamic equilibrium since 
till! results could be proved supposing that to bo tnio, I knew that 
such, an equilibrium was possible, since o*^pi*riment has provihi it. 
But that dill not satisfy mo. 1 wiahod to show that it follower! ftom 
the liypotlioais; indeed, that it would be a necessoTy consequonco. I 
really iiad no doubts, but I*felt the necoealty of seeing the motter & 
little more dearly and for that I noedoil to examine Uie steps of the 
process a litllo more in detail. 

In order that there may bo a iwiistribulion of the energy between 
the resonators of iliffcrcnt w'avo lengtlis whose uscillotions preduco 
rndiatlon, it is neccsaaiy' that they should be able to interchange 
their energyj otberwTso the mitial distribution would persist inJed- 
nitely, and as that dklribution was arbitrary there would reauU no 
definite radiation law. Now a resonator can ticitlier receive from 
tit'r give to the oilier light e.'ccept of a perfectly definite wave length, 
if, tljcn, tb«w rcsonatore ran not act upon each other mechanically, 
that is, without the intervention of the ether, or if they arc fixed ami 
immovable in a definite matrix, each of thcin could emit or absorb 
only light of a definite color and it could exchange eneigy only with a 
rtHonator with which it was in perfect tune. Tlie initial distribution 
would remain unalterable. But wo can couceive of two modes of 
exchange which are not objectionable. First, some atoniB, some free 
r]L<ctntna, might pass from one resonator to another, hit, and thus 
coHimunicatc or receive enci^gy; or, Eocondly, the li^it, reflected os 
by a moving mirror, miglit change itn wave length as rwogtiUod by 
the DOppler-Fixeau principle. 

Arc we free to choose between these two devices i .Surely both must 
como into play, both should lead to the same rcault, the aame law of 
Ttidlatiou. \^Tiat ■tt'ould we do if the results were runtradictorj', if 
the mechan'ism of colllsiotts working alone led to one-law of radiation, 
tlial of Planck, for instance, while tlje iMppler-Fbtcau bS^oci to 
another I Very well, if both mwhanisnis come into play, one or the 
other would alternate in preponderance acconling to chance, thus 
causing an osciflatiDU from one law to another, and there would hi? 
no tendency to a final stable slate, to warn! tiiat thermal death where 
(here is no further change. Then the second law of thcrniodjnaniii^ 
ivnultl be violated. 
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T riwlv*'(l lo oxaniiiH! ime by nne lli*> iwo am) I com- 

ntcncod tlu' ono Imvins muclmnicol action, collisions. You knoAv 
why the uid theories ncccssiirily led la to the law of equiparLitioa, 

It v)is because thev assumed that all the equations of tho mechani^ 
wen- of the Ilomilloniaii form, and consequently made muiy possible 
as the Wt multiplier in the Jfl*-obiim sense. TVe must therefore sup- 
pase that the laws of collision between a free electron and a rest»nator 
Hi e not of this fonn and that iho squat ions then admit of a linal i«ut- 
Liplier other than unity; otlierwise tlm second law of therni<Ml>'nainics 
W'ould not bold and then we would find ouiselves in the difl'u^ulty j'ust 
stated. However, it is not nweesarj' that this multiplier bo unity. 

It is exactly this last factor which is a measure of the probability 
of the corresponding^ state of the syatora (or rather we might call it 
the prebabiUty density). In the hyirothosis of quanta, this farior 
ran not be a conlmuous function since the probability of a stale must 
Im? zero wiionevei- the corresponding eneigy is not a multiple of a 
quantum. That is an evident stumbling block, but one to which 
we had'to be resigned in advance, But I did not atop there, t 
piLsluni the ealculoUons to an end and came out with the law of 
Flaurk, justifying fully the views of that Gcnti^ physicist. 

I then passed to the Happler-Fizeau mechanism. Lot us imagine 
a rccejitarlo formed of the body and pi.'iton of a pump, the walls of 
which are [icrfect reflectors and witliiu which is incloswl a certain 
quantity of eneigy in tho form of light, This energy ia di.stribut«l 
in any manner whatever among the various wave lengths. The re- 
eopta'cle contains no sourco of %ht. The lu mitwufl energy la mcloarxl 
within tho contrivance once forever. 

As long as the piston remains fixe<L this distribution of the energy 
among tho wave lengths can -not vary, for the light will retain die 
saiim wave Icngtlis eacli time it is refljH'ted. However, Lf the piston 
is niovod, this distribution will vary. If the velocity of tho piston is 
voiT small, tho phenomonon is reveisiblo anil tho entrepy must 
remain consUnl. We would thus have the anatysw of Wien and 
come out with Wien's law. We would have made no ad vane c, since 
that law is common to both the ohi and tho new theories. If tho 
velocity of tho piston is not very small, tlie phenomenon is not rever^ 
ibte,so that thomiodynamic analysris would no longer Jead to miuiilt- 
ttea but to simple iinsquftlitk^ and wn couhl draw mi ennehieions. 

However, it aeemfl as if we couM reason os follows : I^fc us suppose 
tlie initial distribution of the energy to be that of black railiation, 
evidently corresponding to a maximum of entropy. If we then give 
several strofccB to the pistoo, tho rmal distribution must evidently b« 
the same, otherwise the entropy would diminislt. Ami, indeed, what¬ 
ever the initial dktribution, after a very groat nunil«<r of strokes of tho 
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pijfUiii tho fiiiiil fliKtributiori musL l>o tlmt currespomling to maxiniuin 
ontropy, is'IiicJi ia tlio stitiic {Uj that of binck riidtHtion. Sucb ivjtfioautg 
bus uo vulue. 

The (ifetHbutioii of the radintioa Ijhb a teniitiicy to approncli that 
4tf bJiifk radiatloa^ It can tiicn no longii>r cKangci, for we ciiii not 
ptusa beat from ii cold to a bot body; that ia to sny, witliout tlia 
cxpoiitliiutv of oxtcmnl work. But bore externiU work is supplietl 
through the stroki-a of tln' piston, which npppsjB as an uugnjciitution 
Ilf till? funJjiouB energy in the CftTity of the pump. Tbo work is 
dmngcd into beat, 

TImj same i1 tJricuUy would no longer exist if the boilics in movement 
oji which the light suffered reflection were infinitely amnll and itifi- 
nlt i-ij' numerous; their kinetic energy woiUJ not correspond to meclnui- 
icftl work but to heat. We could not then eompenssto the tlinrinu- 
tion of entropy whieh corresponds to the change in the diatributioa 
of the ftierp’ by a tpanaformation of work into beat, and then wo 
would be ri^it tn concluding that, if tlip initifll distribution wore 
black that flistribution would remain indefinitely. 

Let us now imagine an indoaure with fixed and perfectly reflecting 
walls; let us inclose not only lumhiouB eneigy, but also a gus. The 
miiloculcfi of the gas will act us movbig mirrors, 1/ tbe tlistribuUoji 
of the enerp* among tlio wave longths is that of the black radiation 
corresponding to tJie temperature of the gas, tlicn that distribution 
should be stable; that k; First, wimtover action thn light baa upon 
tlie molecules should not alter tJie temperature of the gnu; Boctuid 
whatever iiction the molecules have upon the light Bhoubl not alter 
its distribution of energy. 

Einstein examined this action of the light upon the moleoulea, 
Tlip latter suffer Bomellung wliicb reHemblea (be pressure of radiatiou. 
Einstein, bowcTer, docs not state the matter bo simply, 11^ com¬ 
pares the molecules tti very small mobile munatora possessing at tho 
same time not only the kinetic energy of translation, but ako the energy 
of electric oscilkljons. The result at any rate would have come out 
the same—he reached liayleigh's law. 

PersonLiUy, 1 would have done tlto revere* and studied the action 
of ilie molecules upon the light. TIio molecules are too Hraall to 
produce pcguhir refleoiton. Hiey could produce only a dilfusian of it. 
It k this dilfuBion, when w-c neglect tho molecular movenicnta with 
whidi we are acqttainterl both in theory ami experiment. It indeed 
prorluccw the blue of the sky. 

This dllfuslun docs not alter tiie wave length, but is mucJi greater tbo 
smaller the wave lengtli. 

We must pass now from tlie case when the molecules are at rest 
to when their motion must be accounted for, inking into account 
tlmir agitation winch proiluces their temporature. That b easy; it 
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b npec^nry only to tlic^ principle «f H'lAtivity of 

According:iy, the vArioun btindJcs of rjiys of thf' same tnio wave 1-tjglk 
irlativo to tlic moleoule and striking the molecul*^ from various 
din?otJOtiB "wnuld not have thr esmo appstont wave length to the 
observer who supposes the moJeouIo at rif?st. The apparent wave 
length is not altered by the reSectiorip but the true wave length 
We Uiufl come to an interpsLing reBuIt: The roflectefl or dlllussrd 
energy is not equal to the incident ^.nvtgy* \^TiAt is iinaltet^tt is not 
tlie energy, but the produet of the encigy by the wave length. At 
first E felt Gntkficd. It seemeil from tiiis that on incident qiifintum 
would give a diJIustMl quant uni since a quantum varira Inverselj hM 
the wave length. Unfortunately this brings us notliifig. 

1 W)is led by this analysis to Rajdcigh's I knew that in advEmce^ 
hut I hoped that in eeclng in detail how I was brought to it that I 
could tell what modifieationa £ must make in the liypotlicsis in order 
to get Plmick^s law. In that hopw I was deceived* 
ily lirst thought was to look for something resombluig the theory 
of quanta. It would indeed be surprising that two such entirely 
difFereot ex pinna Lions should both take account of tho same deroga¬ 
tion of tlio law of cquiporlition of energy* WTint is the offect of the 
dbeontinuous structure of energy? We might suppose that ibb 
dbcontmuily Tcdates to the liiminoiis energy ittclf when it posses 
through the free ether and so when it folia upon a molecule doc^ so 
in a discontinuous nnttmerp in bttle separate hattalionSi It is easy 
to SCO that t hat would not alter our results. 

Or, wo might, suppose that the discontinuity oceum at the very 
momont of clUTiislont that the dilfusing molecule does not diffuse the 
ligl^t in a continuous manner, but by siiccesfiive quanta. Tlvb again 
will not do because if the light wishing to he tranirfonnerl hits to wait, 
BO to speak, ill an anU^clmcnbcr for its omTiibus to fill before staxtii^ 
out, tliere would r^ult a forcible retardation. Now, Rcooriliog to 
the theory of Lord Rajleighp the diffii»bn by the molecules in the 
duection of the incident ray prcHlucea simply ordinary refli'Othm* 
That is to say^ it interferes regularly with the incident light, and this 
w^ould not lie po^^ihls welts there a retardation of phas<^^ 

If tve try, unpArtklly, to choose winch of our premises wo must 
ahandonj w^e are none the less embarrassed. Wo can not see how we 
can deny the principle of relativity. Must we then modify our law 
for the diffusion of light by mplecules at rest ? That would be very 
difficult. Wo surely could not stretch our Imagumtion into believing 
that the sky k Djot blue. 

1 will £top m this embarrasaiiient and close with the following 
nefiectious. As science progresaas, it becomes more and more difficult 
to fit in the new facts whm they will not fit in apentanpously* The 
older theeriaa depend upon the eomcidenece of so many numerical 
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results wldch ciiti bu attribiited to clisuco, W e should no-ti^pfitiite 
whflt has booQ jomed togotber^ We could not break their fmmea, 
only try to (Stretch them apart. And that we ean not always succeed 
in doing. The theory of oquipartitiorL exploina so mucli tliat it 
must eoniain a port of the truth; on the otlier hand^ it con not ell be 
true for it will not explain alL We can neither abandon it nor 
keep it without modification. Those modifications which wo must 
make eecm ho strange that we hesitate to reconcile oumelvcs lo them. 
At present we con only enumerate them without solFing thoni. 


EXPBUiaiEXTS ^VITH SOAP Bt'BBLES.' 


Uy V, Ikjv#, 


l\\i\h 1 pliilo-] 

1 hfld a oertaiii feeling of Iipsit alien in Huggeating ihat yon u-ouUl 
perliapa bo intere^tacl in m^ing soiwc expetimeiite ’which I have 
flevl^il ^iih Boap htjhblcB^ 1 fe-arcti tliaL sueh a aiihiect would ImYo 
but alight soiantiJfio mtor(est for a leamed body like youps* Ifowover, 
your flcconiplislied 6ceret4iry has assured me that my esperimenta 
will bo well roceivedi and fiu I tnist that you will he indulgent. 

To me ft goftp bubble is a beftuUful thing. It nppouk to several 
sert&es imil to many kinds of niindBj it b a source of delight lo childrenj, 
nnd we who know soiiiowhftt of the mysteries of molecular physics 
wiiich it helps to reveal look at it ’with admimtioiu With its aid 
wo nrc enabled to make doar the action of forces relating to other 
branches of phpical science liith greater facility and delicacy often¬ 
times than by any other meams. I have ohseiwed that the soap 
bubble evon arouai^ the curiosity of monkeys^ and especially of thoso 
whose inieUectual development is furthest advaneedr the chim¬ 
panzee and the onmg-outang. In a wnirtb iimong the objeci^ with 
which wc ail are familittr and which excite in us a geniune 
interest the soap bubble takes precedence of ali others id the same 
weight. 

Before I fJiow you miy of my experhnejiia. It would soom to bo 
lEioutubent on me to pay the tribute of my admiration to Platoau* 
that man of genius who, after being stricken with blindness, obliged 
to make use of the eyes aiul hands of his daughter-in-law, contrived 
and developed experiments and theories relating to tie science of 
capillarity which have compellod the admiration of the scientifie 
world, and whose great workp “Statique dea LlqiUdes/* u a fit monu¬ 
ment to the author's genius, ’When I reflect upon the wealth of 

^t4daiiblbiTtbffaoi^^frua^fcl3eJ*r^J^ft>r TnziyBl«d Iby 

Mto VC4. S bubfak*; TMr cakmn lad Um fiflfCM whkib mn^h} 

Cb«n, bf C. V. Boyip V. ft. 5., JlWi ttmarna^i^ SocLsty ftf rrermulitit CbrtfOul tCbP« 
bi3ii AinqaA, fl. & Ofliikam, Uk4 (C.V.)p awwlwr Uh Ho^ S^drt^t 

f&n Sa.vm, Fcnif upao, tApCDiRliyj I4foe« « J4r<aib Aitdlcem. TniuluCcd ftwi tij ftr. 

Cl £4 maUiuraffr Sr. D.| wltb anr oafat bf lH# hIIIuot sad Uw tnmlilfir, 13 sioup Ofnni bmI I pblA. 
Fkrk, OtuLblu VUliDp IfFU. 
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kjinwJedgp which Plalcail haj Ixistfiwed upon ua, it acema to mo that I 
have but picknl up n few crumbs which fell from tho rich tnon’s table. 

Tho fonuatioti and oxiatmee of a soap bubble depend upon the 
weak superficial tension of the solution of soap end upon the remark¬ 
able properly, studied by Willard Gibbs, by virtue of which tho 
suporOeial tension varies, according to the needs of iho momentj 
between elastic limits, in the true sense of tho term, I wiui aur-- 
prised to find by experiment that an increase amounting nearly to 
20 per cant of the normal temuon could be produced. Unfortunately, 
1 can try no experiment here which would permit me to demonstrate 
to you this fact adef|uatcly, 

Tho Icnaion at tlm upper parts of a large buhblo must be greater 
than that at tho lower parts, for it must balance both tlio weight 
of the bubble and itio tension of the lower ftarts. That is why thero 
must bo a superior limit to tho possible sixe of a soap bubble. A 
bubble whose color is the bright apple green, weighing five ono- 
ihoiisandtha grain per square inch,^ can not exceed 100 mchra In 
dinmc'ter, for in that case the additional force which the upper part 
has to withstand is onc-half groin per linear inch, which is one-fifth 
of the normal timsion of the film, i. e,, 2* grains per linear inrh . 
Similarly’ a bubble white of the first order, or weighing one ono- 
thousandth grain per square inch, might extend to five tunes tli j^ 
diameter hefore this cause of failure would operate. But it is not 
possible in practice to blow such largo bubbles. One great difBculty 
is, if mochankal means be not employed, to send air in sufTicient 
quantity. With regard to tliis, Prof. Wood, of Baltimore, told mo 
that ho found the principlo of injection very advantageous. Indeed 
when we reflect, it exactly meets the necessities of the case, intemai 
presimre diminishing as the bubble increases in size, a small quantity 
of air blown into the tube will carty with it a largo amount of air 
at a small but suOicicnt pressure. 

I have tried scTeral forms of injectors, but the simplest and hitherto 
the best is made of a bent pipe such as is cmployerl in the testing 
of illuminating giB for sulphur. I blow into the nturow* end by 
moans of a mouthpiece, while the wide end Is surrounded by a cambrio 
band with a serrated edge wluch feeds the bubble with liquid as it 
increases. With this den'ice I have not only blown a bubble of SO 
centimeters diameter, but am convinced that this b by no means 
the practical linjit. It may he worth mentiDning that I make use 
of Plateau's liquid consisting of a solution in water of oleate of soda 
with glycermo added. The proportionar ore as follows: Oleate, i 
part; water, 40 ports; one-third of its volume of glycerine is then 
added. I have increiused the proportion of oleate, specially when 
I hAvo wiflhed to blow larg^ bubbles. 

* ThiB» Pilfhto nu b« 4lf dlTk^lj fnnn cojigwl plADfr in my 
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EXPEBISIEIfTa WTTit SOAP BUB^US—BOYS. 

If tlio ptpo wanneti a littio. iJio bubbla which will then contain 
filiSillr warmed air will be a genuine Montgolfiar a baUoon, and wiU 
rise by its ascensional force. If the bubble have a diameter of 1 foot, 
it is eurprising huiw long it will romain auirieiently warm to float in the 
air. When it begins to descend, it can be stopped by means of a 
current of air directed upwartl cither by blowing with the pipe or 
with a pair of bellows. In the loiter case, by accommodating the 
moveraeivts of tho bellows to the soap bubble's natural panod of 
Dscillatioii, we may at once keep it in the air and ca^e it to o^eente 
vibrations of great amplitude. We may form it again and blow into 
tho interior a very littio illuminating gas, and it Tivill then float o! 
it-self. The very beat of our breath suHiecs to make a bubble ascend 
if it bo sufficiently large, e. g., G inches in diameter. Tho tin funnel 
of the uld-fashiontsl gawigcne is all that is needed for this a-xjjcrimant. 
But with a heated pipe, we may make oven i-ety a mall bubbles 
ascend for a few moments. The most convonieni method of wartnmg, 
however, is to allow the warm gnsofl above a caudle flame to Ijo drawn 
in by the injector for a few seconds. Bubbles bo blown will rise above 

buildings and float att'ay out of sight, 

It is dear that a cold bubble blown with air will float upon carbonUi 
acid. I once entered the Grotto del C’auc, near Naplas, and blew 
numerous bubbles which fleatod all about me in the heavy gas, to the 
prnt delight of tho custodian. Vapor of ether is more easily prepared 
and is stUl heavier than carbonic'acid gas. It is easier to use it for 
the purpose of BUpporting a bubble ^od with air, but the vapor 
soon condenses upon tho bubble, evaporatoa in tho iriierior, and aL 
the end of a short time the latter sinks into tho vapor. If it 
caught on a ring and brought near o lighted coiiclle, the bubble wtU 
burst into flame, thus showing that the vapor ha? penetrated the 
interiur. We nmv again blow a bubble by moani, of the tin funnel 
and htdd it in the rajwr. If wo then bring a lighteil candle near the 
Oficn end of the funnel, a long flame like that of a Bunsen burner is 
forrotni by the Issuing vapor, it h interesting k> oliserve that if 
bemmne (C,IU be aubsdtuted for ether, the bubble will float as wcU 
but tho ponotration of the vapor will be less rapid. However, It 
finally enters and tho bubble then bums with a hrilibut flame. 
With [Kuntano un the contrary, tho bubble floats without the 

peneUiition of vupt^r, this suliatanco Iwing practically uisoluble. A 
bubble of oxv'gen floatbig upon other or benzene expiwica violently 
like a liomb, w'hcn igiiUoil. 

The vapor of ctlu^r an<l a few other liquids some what <liininish the 
superficial tension of a swap bubble, whUe the greater number of 
organic vapors merBsae it, 'rh» ia eap^iolly noticeubJc with atnmo- 
nifl, which nmloubtodly acta chcmicalJy upon the free moiiXuJas of 
oleic acul, combinas with them and still further ncutraliics the 
SSaHO*—sn 101^2-15 
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spMiiLiil influDnci^ tjf tin* dbsocintetl moloculcs, whi^^li injluntico WllliLtd 
Giblw iihonxil imd u hirh i^mh Eu ilmiiubli tlu' ttuporfieiui iension- 
ThU ac tuii] of mnratimifc may Ixi wry aimjily db^i>wa by rcKstiiig n 
bubbly upon a ring of wiro of tiomewhat less dbLmeti^n If wo liobi 
above th^ bubbb tlie ntu|>per from n bottle of diluted ammonk, die 
bubble witbdraii's toward tin? tower side of the ring. If, on the other 
hiuub a glass containiiig ammotik be heM lioneath the bubble^ the 
netioTi will be Htill more rapid, the bubble Hsing in opposition to 
grovity and squaesdng itself tbroiigh the ruig. The motion fK^iUN 
hi oath ease m if the jiubbb were tiiconveiuonced by the amell iff the 
lUYim imuk. If fie bubble bfi too largo to ri-^ (hrerngh Lho ring, n tear 
h formed, Miilicatijig ite distress, Naturally, the cause of lhi?30 iictioiLS 
h the increase of tension of the liquid aheet on the side of the ring to 
which the rmtmonbi h appikHi, and if the bublde b kni large^ thk 
uicrvnse of ton^iufi iiitraets a Utile of the liquiil fnim the rmt uf the 
bubble and from the wire. This it h which forms the tear. 

Duiir6 pnived long ago that the apeed wilh whJrh soap bubbles 
buuit h. dctemihieJ by the Dc|tJality of eiierg}" in the movement of the 
little dnqis dischargwl at the speed of the retreating edge to thati 
whiiJi b necctssary to draw out the liquiii ahoot in ojipoaition to ita 
own tension. Thk may be esprosseti in Newton's xnanner in the 
following tvay: If the torsion of a sheet uf soap water Iso suflicient 
to guppori the weight of a certain number of foot iu a sheet of a certain 
thii'toiftf^ or coloTj the speed "a^ith which a sheei of this fhicki:EOsa or 
t^>lur will break b the same us ihe sijneetl acquired by a which 

has fallen frt'cly ihk same number of feet under the inflMimce of 
gravity. ’^Fb.k h manirt^riy based on the suppoe^itkm (hat the lirpiiil 
b fmrfpctly moljilop WTien the rigidity itnd \dscusity inereosoj iho 
s[>eeil h reduced. For example, u auJution of snponifi has a surface 
tension 5U jier cent greater than that of a solution pf ^ap. So a 
BApunin bubble should burat mc^re quickly than a soap bubble if 
surface tension oidy of importance. For the benefit of those 
who arc not familiar udth supunm bubbles I will show yon one ae a 
cura^sity (pL 1, fig. 1)* I sihaU next make u froth uf saponin and 
gij'cerin in a coll in the lantern which yon see profocted on the screen. 
I may cimtiniie the (iiHsratiQU until I obtain, the ordiinirr upf>earan{^ 
of fn>tlL But (he mlb which are fomicK] soon begin to burnt. You 
may seti the freo edge rotreal with a slow, irregular movoraent, which 
is due to the fact that the liquid is far frtkm lieing a perfect lluid^ Hence 
I cH>ncludn that a suap bubble will btimt rather loss quickly than the 
catculatioii w^oiild mdicatn. ^Ir^ Bull could easily show you this by 
tho aiil of his very jiowerful micro-cinematograph. 

In marked csmiraet with the slow bursting of this particular bubble, 
I call show you that the of a true eoai> bubble's bnrating, w'liicli 
may be os great that of o-n express traiDj may be rendered visible 
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to the eje either whm swn eJirtwtly or when projeeled wjw>n h iscreen. 
T hjivo ]in?parcwl a frttm& of brasB wire ujiori ^liirh T can fomi n ehcot 
of pnap water (5 feet long anci one-quarter nf an iiich wide, hut iJigzAg^ 
that it oociijaURj a aurfiieo of aWot 4 incies bquoro. Furtiior, I 
hiivo 50 constructed ifc that the two ends of tho sheet ore adjacent* 
Tten^ on broaking [ho shoot at one' end, we immediately sea Lhat 
tho bursting is prt^grGssivCj lasting about ono-seventJi of a second for 
the on lira enurse. If the shoot bo brokon ns ooon oa f-ormoeb when it 
is stilltliick, the motion of lie edgo is slower. If we ki it drain until 
it sho\TO the white or the colors of the first order, th* motion of the 
edge b perceptibly mom nipid. 

The soap bubble furnkhea a convenient moans of illustrating tho 
principle tjf staldlity. It. would auifico boro te refer to Plateau's 
labors upon this subject- Ilow^avet, I have ttmuigiecl two experiments^ 
The first is a variation of an ox^wrimont of Plateau's which showed 
that a very light sphere of glass remuinail in stable equilibrium upon 
the lower extremity of u vertical ring of wdro if a t^-hect of soap water 
were spri?ad over the ring. I have foimd that blown hircia^ can 
bo employe<l for thb expeiinient provided [hsit llioy lie nohearior 
thiLn thjDse of the house epamiw, but the hole should be mended with 
a fragment of ptt|wr and celluloid vanxbh. 

The brnTii ofTem the advantage of intniducing a second prineb 
plo of stability. It can remain in i^juilibrium only if its greatest 
eruss soctionj i. o., its oval sectbin^ k in the plane of the liquid sheet. 
If the ring bo made to revolve slowly in its own plane, the egg begins 
te mU or slip; then, the speed iticroasing^ it rolb and Jumps, but never 
leaves the liquid sheet. I have so arranged thia experiment os to be 
abk to pnijoct it upon tho screen. 

Tho second moUiod uf showing the conditions of stability fkpeiuk 
upon the employment of cylindrical bubbles whoso lengtli is nearly 
times as great m their diameter. Beyond ihiit lengthy as 
Fi&teau has Ghown, a cylindrical bnbbb is no longer atable. this 
length IS appniachcdp tile stability is dUuuiisIajd, or, in other words, 
tlie bubble more easily losoi its form* If we blow a spherical bubble 
vAxh oxygon between tho poles of an electromagnet of moderate 
power, wo find that tho action of the inagnotism upon tho oxygen is 
not sullident to make the bubble move appreciably when tlio exciiing 
current is closed. But if we make the bnbbk take the cylindrkai 
form with an apparatus m eonatructed os to render its Ifjxigth nearl}- 
;f times as great as ita iliamcter, the magnetic influence immo- 
diately causes tlio separation of the bubble into two parte, tho largtT 
attached to the nearer ring remaining botweon tlie poles of Lko 
eJcctromagnot and the smaller attached to tho more distant ring- 

I shall now blow a largo bubble, using my mouth as an injector 
and employing my hands without any other apparatus. Thia method 
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wtui to mfl hy Prof* Wnod. After thus taking a bubbio Ijotwccu 

my hiitulBr I gently lieparate them until a neck is formed In Iho midbit 
of tLe bubhlo and then until this is divided into two, I now bent 
the two bubbles bigether in a horiEontiil directian. ami jt^u ob^M'rvc 
that they do not umte^ but flatten oaeh niliDr oud redst nearor 
approuch. If, on t.ho cemtrary, tliey ans nuido to apprtiaeh in tbo 
vertical direction, they unite instiuitly and the approach is fneilitnted* 
In the fif^t v&Mir tbo Lioau, snioutb surface of the two hubbies «lid not 
permit Lite air to be sfjneeaed out^ wliilo in the second case the rough 
surface of the liquid which drips away at the li:>wTr part of Lhp upper 
bubble broke tlie luten'enmg layer of tdr. The two bubbles wens 
tlu'U able to Unite, either attachcil to a couunon face or septum^ or, 
if the latter brf>ke before becoming visible, re^furming the original 
single bubble* This oporatinn may be repeak'id several times* 

What I ahall now dii>w you rests nison the following prtjperty 
winch bubbles possess: \Vben their HUrfatM?s are smooLh and clean, 
they may bo prtisstd agoinet each ether without there being actual 
contact. If I place a butddo upoti a hormmtaj ring juat not largo 
enough to admit of its pi!i5Eidug through ns a remit of its mm weight, 
and if I push it downward with a liquid sheet spread over lUiether ring 
it \cill paK$ through at once. If we take care to remove all the drops 
which may form upon the lower surface, we shall be abte to puab it 
upward again. In no case d*ics the liquid ^heet really touch tho 
btjbble, 

t blow* ft bubble under a ring and an:^)iend from it another ring of 
alnmunim wire so as to be itble to give it a slightly elongated form, 
Jiisertiug the pipe. 1 blow- into tho interior another bubble,, wliich T 
detadi. Thk second bubble will descent! into the interior of the first 
until it finds a support at a ci'rtain parallel nf latiludo in its lower 
hemisphere and will remain there as long na no drop susiiejuled from 
iu loTver part shall come into centac-t with Uie outer bubble* But 
llteso drops fiiui Iw removed with the pipe. The outer bubble can 
ilien bo elongated and pu!le<l downward by means of tlio aluminum 
ring so aa to compress the inner bubble and give it tho form of a 
prolalfl E|)heroid, which con be swung around nnd artnmd without 
there being aotual contact between the two bubbles during those 
operiitiuiui. 

I thcji romoT* tho lower rinj? by p«eliii|; it off, so t*> sfMjiik, and then 
witlKlraw tho air present brtween tho two liquid sbeeto until it Li 
ulmi>st iiiifiossiblo to soo betwiHu thorn. If I then blow in aorne 
ulr again tangontially, tho inner bubbto will assume a rapid rotary 
motion. Tho bub bios are too largo to be easily projected upon the 
semiti. Ilowerer, T con make tlieso oporatiotts and other similar 
ones mere visible by simply utilising the shadow thrown upon the 
^erccn by tile pogitivo crater of an. olrctric arc. 


E5£PRltr!HT,STS WITH SOAP BnSBLES—BOTB. SIT 

I A hubblA ujwii a ring luni iniwrt snmfl cnal gAs or some* 
hydrcgpn, ami it t«ids to nso; hut ns it is liflid down by tbo ring,* it 
is pbngAtAil upK-fird, it OMSunies on an siiluigsd »caJo nnd Lt tlio oppo- 
fiito lOfeclJoa tko fortu of n li(.|uid drop, and finully dolAciios ibwtli 
in u siniilar unuiunr. VVlu'Ji n buliblo lilnwii intyo tli« open irir uni- 
tnins a vorj Rnudl cjuiuitity of illumititituig gns, IL may Iw tJint it k 
just light enough to float <ir that it haii a tend nicy either t« nsct'iiil ur 
d«>A:«nd. If it Im> just light onougll to have u tendency to nscenrl, wo 
see tliat after ho mo unjiutes, owing !<* a procsis of dilTusioii, comhuisA- 
tiou, {Ltifl eVAjMration, it loaea a little of its light gas and temls to 
cleM^cmd Again, On tlio other hand, a largo bubhio containing a 
tjuantity of illuminating gas m>t quite sufficient U* support it imiy 
occaaionally float along over a paved area tuid gradually dencfUiding 
it may rid itself of tho lioavi* ditjp by contact with tiie stone ajid then, 
thus iightoii«l. it fton h lowly remount. These iaige biibbUw aro veiy 
beautiful, ospccialiy when blown nut of dwrs, and in the iu*w eiJition 
of my bioik on snap bubbles I have given very numerous hints as to 
tile mosl pnictieal method f»f making them. Unfortuntitely, it is not 
possible in this nmphithoatur to roproiiuce the cnndltinns of bublitos 
nuule in the npon air. I should like, however, to point out that one 
rtf the most spedal features of the beauty of these bubbles is the skv 
line, which is neen in a kind of spherical perspec^trve upon the up^icr 
surface and agaui, hut then raversCil, upon the lower surTmie. You 
do not see the images of windows reflecterl by bubbles in the open air, 
although you may see pictures representing this phenomenon. T con 
show* you a photograph fpl. 1, fig, 2} 1 took of a bubble in Lheo^ien air, 
and In whidi thv Imildutgs behind my oflice in Uuidon appear 
fleformexl according to a eurbua pcrapetttjve I call spherical. The 
view* is a dismal nne, but the photograph is interestingj a slniilar view 
taken in a beautiful garden or near magnificent buildings would be 
still more flttraotive. A s«on(i jihetograph (pi, 1, fig. B), whidi I took 
lost November under most unfavorable mndltions, show's that tlie 
bubble reflects portraits in a charming oionner. A very large number 
of persons can thus be represented about a centra] figure, those more 
distant appearing smaller and those at the edge appearing elongated 
aJid curiously dkterted. Wo may thus have an interesting souvenir 
of any spe<'hd oee ssion. I h avo f ailed these port rd to dream portraits, 
and I oomtuend them to your at tention. 

Let ua return to our gas bubbles. I blow a gas bubble upon a ring 
and into the interior of this an air bubble. In the gas the idr is so 
heavy that the bubble hongs like a heavy drop from the extrainitv of 
tlio pipe and it soon detaches itself. If, on the control^-, T blow an 
air bubble up<in a ring and place in the interior a gAs bubble the latttsr 
will float and rest ngainat the upper wall of the outer bubble where 
there ore no heavy drops to break the air film. If 1 now cause a little 
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■JUS to enter tie outer bubblo the Inner bubble wDl float like Nfoiom- 
nicd'H eofiin, ^^Uiipencleil in spare. I ran now Uetaeb the outer bubble 
from the ring by means of a aecontl ring or bj' blowing a thin I bubble 
in vontacL with the ring. Starting again, I blow u small gas bubble 
in HU air bubble helrl upon a ring. With a second ring I lay hold of 
the outer bubble anil draw it out into the form of a cylinder, [f 1 
btcline it alternately in the two diriK;lions, the inner bubble travels 
baekwjird and forward the ent ire lengtli within this cylinder. A mi in ^ 
T remove the second ring atul gradually blow more glis into the inner 
bubble. Tlius I can enlarge it to the ])oiut of pulling upwartJ j^ulS* 
ciently strongly to support the ting and small objectssikspeiided from 
it. At no lime, however, dw>H the inner reiUly touch the outer bubble, 
though it supports the load catTied by the latter. 

I iKtgin again, and with nne hand I place an outer bubble on a ri ng. 
I pass a ring into Lids outer bubble and then bloAV a bubble on it. I 
tJicn blow a third bubble containing gas in tho interior of tho other 
t.wo- 1 can then, at my pleasure, take away Dnst one ring and Llien 
the other, and thus render the three bubbles free, or tratwfer them to 
fmotber rii^. ft is possible, but not easy, to blow a fourth bubble 
in the interior of the first three. Jlowovcr, it is not possthlo to follow 
the same method as before, for we find oureelvoa limited by tho 
number of benrk. 

t f the two bubbles blown upon a ring are pressed against each other, 
w'e have seen that they da not unite; but if tho least electrostatic 
attraolbri bo cstablkhed between the rontiguous surfaces tho union 
of the tAvo bubbles is hutantaneom and a tdi^lo bubble is foruied. 
Tills can be aotfomplished by monna of a stick of aealing wax, or of a 
Jfotse key and wdres conniHiting the supporting ringa to tho temiinals 
of tbt' dec trie arc. Two hubbies are much more sensitivo than a gold- 
loiif plect.TOflcopo. 

I now take two bubbles, one within tho other. If I bring a piece of 
sealing wax near the outer bubble, the inJluGnco oxereiaed can bo 
sulliciently .^strong to deforni the outer bubble, but the Inner bubble is 
not affected, for the electric forec is uone.xktent in tlw interior of a 
conductor, 1 know of no other means nf demonstrating the absence 
of elwtrie f<)rcc in the mterior of a conductor and at a iiistance from 
the exterior surface less than tmo twenty-livD thousandth of an inch. 
The two preceding experimentH may be comblnwl into a sin^e one* 
so as to eboiv the contnust between the behavior of an outer bubble 
and an inner hubblo. The two outer ones join while the inner r^ 
main.H unchanged. 

Xow, that I have finished my task, 1 must express the hope that 
the beauty at the phonomena which I have been able to ehow yen 
may persuade you to pardon me for any failures I have met, for one 
can never bo sure of succeeding everj' time, and especially for Uie 
amall amount of purely theoretical intcreat in this communjeation. 


MEASUREitKNTS OF INFDClTESliLU. Qir^VNTlTlES OF 

SUBSTANCES.^ 


By Sir WiLLUii Uamj^at. 


Osir ipvosLigation of rare gaaes naco^arUy brought us to ni<?aaom 
thoir deosities, in ordor to be able to draw a conclusion Uiuchiiig 
their atomio weights. Until then (1S95) ve^ek with a eapiieity of 
seYcra! liters were employed, e* g., Kegnault in hk classic cxp«?rimWta 
mmlo iiso of biilltxma contaming about 2 liters, while I^ord ttnyleigb 
employed vc^5seb of the same capacity. Unable at the beginning of 
our resoajxhca to separate from the atmo?iiphcre more than 20G cubic 
centimeterg of argon, wc were compelled to determin© its density with 
ft much smaller quantity, about IM cubic centimeters. It b obviousi 
bolideYcr, that even thia quantity is capable of giYing a satLafaetory 
result; for the weight of iirgon ascertained by the balance was 0.27 
gram, and even with a balance the snndtivcnesa of wIiii k docs not 
exccixi 0 J milligram, the error Is no more than I port in. 2^700, 
Later, ivhen we succeeded in obtaining tic congeners of argr>n—neon, 
krj'pton,DJiLl sonon—widchform a numnud fraction of the atmosphere, 
we become balder. We WTighetl only 32 cubic centimeters of neon 
at iL pmasure of half an atmosphere; its w eight was abaut 0,011 gram. 
As to krypton and xenon^ the quantity at our dlspasal did not allow 
us to weigh more than 7 cubic centimeters; but their greater ileasitics 
permitted the attainment of an er|ual degree of ai*curacyj far the 
W'eight was 0.015 gram. The error did not e.xeeod 1 or 2 per thoussnd. 

TVe also attempted to determine the specific volumes of krvpton 
and xenon in tla> liquid state. We construe toil capillary tub^ m 
which the gases were liquefied at a low temperature, and wo suecccjdi'd 
in measuring quantities such as 0.006 eubie centimeter. 

But although these quantities are very s^mall, those of tho radio- 
tic the products are much smaller. In tho firat place, radium b not 
found in large quantities; and owdng to tho slaivncE^ of Its disintegm- 
tion, wbirk eonlinues for thousands of years, wo have onSy minimal 
quantities iif tliese substances at our dhposal. Let me renund you* 
gentlemen, that half of the Ufa of mdium goea back 1,700 years, that 
it ia disintegrated into emanation and helium, and that even vnih 

^ lALtLuv bdbn liic StKb^i i nnq ab aff dg Vhjt^u^,Simiaa of A{if|13P, mi. TranaMAl pemimlmi 
frmn JoLLmAidfl vuL 1 <JEC0i, milp 430-41^ 
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0.50 gram of bmmid» of rAiUum, the total quantity of cinuiiation f^an 
never exceed O.l cubic millimeter. 

T>ct tia Unit see wliat are tiie means at uur flLq>osal ijf perfomiing 
these operation.*!. We may caleutate; 

Willi ft good clieinicAl .. 10'*=0.0,(101 

nn aaELy-bnIwnee. ...... 10 -•.=l).0,000,01 

Willi toJcin-boliiiicis^.,,,........ ig -*=^.0,000',001 

With the micnhlxUiLnre ctnutniclDd by mty i)ny - 

.....3 X IP-*^.0,000,(100.000 

Thiiftpectrm'opb pi*itiii[ftthedui!«vcty of Leliiun. 2X 10-'*=0.0,000.000,(KI0.3 

Tho Hunt- tif nmll (fur memptan}.,. ___ tp-“=D.O000.000.00001 

Tlio clKbuHipe... ........ lP''*=0.o|oOO,000,D(»'oOl 

Everyone ig aware how tlie electroscope has become a mueh-ui>ed 
me^<t (if determining tins presence uf radium and thorium in rocksw 
To it M. and Madame Curie owed tlicir disirovely of radium, and those 
who detcniune the content of rocks in radium confidently distinguish 
between samples which contain 2^ X 111-’ and those containing 
2--i X 10'" gram per gram of ore. 

Within t^ l^t few years we have been devoting our attention to 
the emonatioa into which radium changes apontaneouslv. Owing to 
the courtesy of the \ tenua Acwlem}’, ] have had at my disposal more 
than half a gram of bromide of riwlium, and Mr. Whytlaw-Gray and 
I have succeed( m 1 not only in measuring ihe quantity uf gas which it 
continually giv^ cjff in the gaseous state, but even in determining its 
volume in the liquid state; in freezing it by cooling it with lifittid air; 
IB measuring the wave-longtlis of the ral-s of its spectrum; and iri 
weighing a quimlity not exceeding one-tenth of a cubic tnilliinetcr. 
But tlmt IS not all. :Mc*isr3. Cuthbertson and Porter, my colleagues 
at University CoUege, have invented an apparatus enabling us to 
detennme the index of refraction of that minhnal quantity. Thera 
IS a proverb in English, "Cut your coal according to your cloth " 
and Its paridlel m French seems to b(., “Regulate your mouth by 
your purse. Our purse contained but little of ilm noble element 
Md perhaps this lecture corresponds to that mimmal quantilT; hut 
I rely upon your mfliilg’(?ru!o^ of an ijgg an 

This bromide of radium, dissolved in water, was ccintiunod in a 
umall gla^ bulb scaled onto a Toepler pump. You know, gentlemen 
that under Its mflucnce water is decomposed into hydrogen and 
oxygen. M o actually obtained weekly almost exactly 25 cubic centi- 
meters of detonating gas. There is always a smqll e.\;ces 9 of hydrogen 
doubtless by reason of the formation of peroxide of hydrQ«n>n. ThU 
ex^ 13 veiy ^eful, for it gives after explosion a bubble of hl^gen 
which cames the emanation and iummits of Iratisferringit into vessels 
forexpmracnt. Moreover, hydrogen is not condensed at tlm tetnpet- 
aturc of hquid air, while the emanation is deposited on the walls of 
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the Tessd in £l ^Ud Consequently^ we can sepamto th^ 

two, ronioTin^ the hjdropen witli the puinp. The ernmnation then 
remains entirely pure. 

I shah bopin by gii'inp you lUi idea as to how we set about ineaa- 
uritip Uie volume of the eniauatlau. In Lho firnt place, one mmi a^oid 
all contact between the emanation and the greaae of the pump-tap, 
for fear that die resiaUing carbcmic acid may ruaku the gas impure. 
We avoid all danger of this kinTl by scalinp the explosiou-tube ^ith 
mercun’^ hut in order to guard agabial this coDtamiaalioUp we loavn 
the hydrogen with the emanation for Oiree hours in a small tube 
whose upper jwt contains some caustic potash melted upon the w alk* 
Thk period having elajised, the proiluct^ of the disintegration of the 
emanation have reacheil their maximfor ra¬ 
diums A, and C have but a nhoii life, dianging 
into D, which k without radio-activity. It being 
nece8aai^% for reasons which w'ill appear later on, 
to measure the y rays at thk juncture^ with the 
dd of ah elect roseope we determine the emana- 
tion^B jjow'or of discharge. 

In figure I we see the small tube n* .We see also 
a reversed siphon closed by a kind of 
The cap being raised and the tube placed abave, 
the gases enter the apparatus tliiough the capil¬ 
lary tube narrow at tlm upper end^ to prevent 
the morcuiy fjtim entering tcN3 rapidly. 

Byt before introducing the gaa it is necesaarv 
to empty the ap^iaratus^ Opening the tap and 
lowering tlie reservoir / we connact the pump 
with the apparattis. We remova ad air and by 
means uf the revErsed siphon admit flomehjdrt^ 
gen, w'bieh must remain for a night in the appa¬ 
ratus in order to displace atmospboric air a^ilicr- 
ing to the walk, T^is displacement k accelerated by heating in the 
flame the tubes 1% j, I, m. In the morEting the apparatus is «igain 
pumjied empty. The reser\^oir/ b raked in order to make the merctify 
ascend above the tap A, and the tap k ahut. At noon tlia measurementa 
of radioactUdty will have b<5rai made, and wo introduce ihe hydrogen 
with tiiG emanation, reiiLicing the cap, vrhich^ scaled iJi-ith mercury, 
has no need of grease to make the joint air-tight, The gascB can not 
como into contact witli the tap, which k protected by the itjcrcuiy* 

You eon boo a tube i containing some pieces of caustic barj^ta. 
This arrangenicnt is for two purposes; First, to dn- the gas; secondly, 
to removo every trace of carlK>nic odd wliich may have escaped the 
attiou of the potash* The gaa k left in the tube for half an hour to 
make sure that muther moisture nor carbonic acid remam* 
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In j thpre w n cone of Ulottmg'popor, which is niobtened with 
water. PouHn" in liquid air, it forms a vessel ti^t for liquid air, 
bccRiisi' it consists of ice, Thfl tube which it surrounds is so cooled 
that the emanation freezes in its interior and is dcjxtsiUHi upon the 
walls. We may now open the tap h, for tlio eiuatiation can no lonpcr 
be oontHminated, and the hydrogen is pumped rilf. But even at ihc 
tempocuture of Uqui<l air the emanation possesses some little vapor 
prt^sun*, and, conscqnentlv, a cerlain ejuantity aceom|>unic 9 Iho 
hydrogen. To take this quantify into account, its rHilio-aetivify is 
next determined, and by comparing it with that of the gas before* ita 
introduction into the apparatus tho loos is ascertaiacd, and coiiso' 
queoUy (hir quantity remaining in the apparatus. 

Having reinoved the hydrugeu as far as possiblo, we raise the rosew' 
voir/in order to protect the tap h against attack by tho emanation, 
anfl heat tho tube j. Tho emanation is volatiliisetl. Itabing iho 
reservoir <f, it is cumprassod into Ihe capillao* tube m, whi*re its 
volumo is measured. But this lubo must bo chosen of such n 
diameter that its volumo cun be dotermmed at a pressure little 
romi»ved from that of tho atmosphere. If wo measure under too 
low a pressure, tlie oorrecttoit for the capillarify, which may rise to 
two ccatimcttav of raoreury, becomes too great. However, it is diffb 
cult to estimate tho magnitude of Uie correctinu, for we have been 
unable to find constant results for tho capillarity; it scnmis to l>e 
influcriccd by the state of electrification of the mercury, due to the 
prescitire of tho emanation. But that b of little consequence wlmn 
tho measurement b made at a pressure noar 7G0 niilllmeLers, for w’o 
may uimust tlbrcgard a pressure of 5 millimeters, which do&i not 
(c^ecsl 0,7 per cent of the total pressure. 

To give you on idea of the oxactnoos of thb measurement, allow 
mo to state tbn result of a recant oxperimnnt by which a-o ascertained 
that w sample of holhim had a volume of 0.042 cubic millimeter; the 
length of the tube moasiircd was 20 nuUimeteni, which pemiits tho 
attainment of an approximation of 1/200. A plattnnm wire sealed 
thniugh (ho top of the capillary tube makee it pnsaible to test tho 
purity of Ihb gue by passing thn>u^ it an electric dbchtirge. Tho 
other electrode cousbta of the meroitrj' of tho reservoir, and iva may 
prevent tha linos of mtavury from boing seoii by solidifying it with 
a pai»or cono llUod with liquid air, surrountling tho tulio. 

Wb have compressed the cJUanation so oa to liquefy it; iho tube 
containing it is of thick gla.s.«i and can rtsbt a cotusulerablc petssure. 
We have cut it oil and mounted tt in a compresnion appAratus like 
that of Amagat. The emanation liquefies at tho urdinarv' tompcfa- 
ture at a pressure of ulmut 10 metem of mercury. The volumo of 
gas, which W)is 0.1 cubic millimeter, tvaa reduced to 0.D00S,? cuhie 
miliimeter; U occupietl about 0.24 mifiimeror of tho kingtli of tho 
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capEUniy tube. JraturBitY, WO used a microftcopo to obswro it. 
However, it was easy to obsserve its properties. Thn eniAnatioji ia 
colorless Uko water whoa seen by trunsmittwi lighi. Senn by rfr 
fleetiKl l^t, U oaftlcGs tko tube phospbottsftent, nati its color dejienda 
upon the nature of the gloss. In ailka tt emits a white light, In sodoo* 
glass n lilac color, in potEush-glass the color Is greenish blue. \Mi(m 
the tuaiuiiitioii is liquefied in soda-^o® its appeamnoo rerolLi that 
of a oyanogeti Qamo, being at the some time Nuiah and. pink. 

This gas whim coulecl to — 7t“ becomes npoquo and soliililles, A 
striknig change of color is notineablo; the .suUdified eruanatkm causes 
tho glass to emit a brilUant steel-blue glow like a amnll dectiic arc. 
Xt a BiUl lower temjjeraturo the color changes to yellow, and in liquid 
fldr it becomes orange rad. When the ttimjteraturo lisM, the changm 
of color come in inverse order. Though its liiillkncy is very in tense, 
I Bcaroaly thinlc that its use can rival modoni methods of iiluraino- 
lion. 

Wo have succeeded in measuring the volume of this rare liquid, 
and kno'wing, os we ahalJ see later, that the density of the gas » 
! 13.5, we may calculate the density of the liquid. It is very heavy, 
5.7 tiiiit!» hearier than water. 

I have hithci'to designated this goa by the name given it by ilMars. 
Rutherfortl and Soddy. But it doubtJesa belongs to tie series of 
inactive gaaoa, and there are tdready throe omanationa—tiiat of 
radium, of thorium, and of actinium, TTie expression “rudinm 
em^ation" is not a very happy nne, flJtd wo had to seek a name to 
indbalo one of theatrUdJig proportias of tho gas and at tho same time 
to recoil its congeners of the tugon series. Wo coined tho niuae of 
niton, signifying “aiming." It is true we paid no hoed to the 
BCniplcH of tie purists, whe forbid the addition of a Greek ending to 
a word of J^ntln ongm. My excuse is that it was a generally accepted 
custom among the Greeks to adopt La Lin words (e, g., eouSAfitoi, Jhjud- 
piovj Kpaenipio-Jt k'rjwmf, and numorous othera). 

Dr. t'ollio and I succeeded in 1901 in measuring the wave lengths 
of some of the spectral linea of niton. In coUaboratbn with Ifr. 
Cameron other attempts were made. ilr. Watson made in my 
laboratory a thorough study of this question with niton purified by 
mo. According to Tlicks, thii ^ectrum preaente dose analngica 
with tho sjioctra of tho inactive gaacst. Being ibolf an inactive gas, 
there wore many probabilities for its belonging in that series of de- 
menta. 

Several attempts have been made td determine precisely t.he a tannic 
weight of niton. I ahal) confine myself to montioniiig the espori- 
ments by means of diiltndon of Curie and Dantics, of Bumstead aiu] 
Wheelor, of Rutherford and Miss Brooks, of Itlakower, of t'haumont, 
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and of Farklm, SutHca it to say that the iosulta vary between 70 
axid23£ for theatotoic weight. Dobiomc, employing BuDsen’s methudf 
which is based on the escape of gas through a nairow orifice, gives 
the ^re as 230. Jfow, tiddivg uito account the fact that radium 
in changiiig to niton gives off aji a lorn of helium, mid accepting for 
tho atomic weight uf radium 236.4, found by Madame (’um and con- 
firmwl by Thorpe, the atomic weight of the emanation must be 
222.4 =226.4 -4. 


The molecular weight is fixed by the denaity, and in tho cose pf a 
monatoinic gas (and tbore is every poas<>n to IjeUeve that niton is 
moirntamic) (ho molecular wei^t Incomes identical with the atomic 
weighU j\fl B definite test it was necessary to weigh a knou'n volmno 
of niton. 

But how is it possible to we%h a gas of which the largest availahlo 
quantity diti not oxcwtl one-tentli of a cubic millimetor? I have 
already hinted that, wit b the aitl of the nucrobalaiK’o invcnteil by 

Stoolo and conatructetl by Whi'tlaw- 
Gray, the idea is not ehimartcal. Tjet 
me give you a aketch of tho metboda 
wo have employed . 

First, however, 1 must make clGar 
tho cotiBtruction of the balance. Sei- 
entista have for some years been 
employing a uew substance—melted 
quartz, ^oiyone knows bow 
sistant it is, Its coefficient of ex* 
paneioa by heat is almost zero, and 
we may work it like glass, drawing out rods of suitable thielmoa. 
Before eenetnicting the balauce, I consulted my colleague, the pro- 
feeaor (d engmeering, as to the beat form for a bridge to permit it to 
resist u maximum pressure. He was so kind os to give me a draw¬ 
ing of it. 

To construct the balance-beam grooves are drawn upon a plate of 
graphite witji a knitting needle, and in these short rods of silica of 



about a half millimeter in diameter are placed. Where tlio emls of 
the rods touchy they are melted by turning on them for a moment 
the flnme of an oxyhydrogen blowpipe, TTie knife-edge is formed 
of a small elrop of aiJica, melted at the end of a stuirt rod and ground 
to the form of » wedge with the great^t care. Scon under a micro¬ 
scope it must be atr^ht, without notches, and well polishe<l. Per- 
pemdicular to tlus rod and quite near the knife-edgo is eooletl a second 
rod which servea to adjust the knifCHodge so that when the rod ts 
sealed to the beam of the haJanee, tho knife-edge forms a right angle 
with the plane of the beam. This secend rod serves slso to support 
a small mirror of platinized silica reflecting the light of ft Nemst 
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lamp, which falls on a S4^ale at about 3 meters from the mirror. The 
(Uument of the lamp projects its image upon the scale, diyickd into 
milUmoter^. 

The balemee is rontaincf! m a brass hox^ in which a vacuum may 
ho made. This box is perforated with t^vo holes upon the lower 
sutfatus opposite ami below the emls of the boom. There are ciTOcnted 
in tliese holes two hollow glasa-stoppersp into which two tubes of 
about 3 centimetem' ciinrrioter are fitted. In each of these tuhe^ 
ia suspend ctI a vei^' delicate quartJE-fihort soldered to one end of 
the halanci>-lH?flJu. These tlireads ben<l with the great(st ease. 
There are no pans. Suspended from one of the thremb h a small 
bidb of silica, whose capaaity hus Wn ascertained by weighing it 
filled with mercur^^ Thus it contains a known volume of air of 
known temperature tuni pressurej ccinaec|ueotly^ the w'eight of the 
idr b known. A solid counterpoise of silica b i^iiapiinded from the 
otluir throaiL 

XoWp w'hcn the air in the box containing the balance k under ordi- 
njuy prosaurCp the huJb k halauccd by its counterpnke; but if the 
presaure he dimlnbhe<i, the bulb sinN. on the contrary, the 
pressure be increascklp the bnlh floats and ita apparent weight 
hecomea leae. Thus wo may, by altering the pressure, aiid or take 
away small known Weights. It sufheesi lo read the pressure cu a 
manometer, and the tenipcrature, so as to have data for the 
calculatiiuu 

The ohjertti to be w’eiglied are hung on the thread by subll hooka 
of silica. But Ix'foro weighing, the eensitivenesa of the balance must 
he ikti^rmincKl. Tliis b <lone by meftns of a silica rod attarheil verti^ 
ciiily to the centar of the beam. It ia originally longer than is neces¬ 
sary in order to bo able tn draw off small pieces of it by softeuing the 
^Uim with the blowpipe, J^ach tunc thk is done the oscillation pcrtofl 
uf tho balance k determined. Finally traces of silica axo volatilized 
by healing in the blowpipe flame until the oscillalion liea acquired a 
fiuftjcienriy Jong period—e. g*, an oscillatioii in 50 seconds. 

The vessel containing the object to bo ’weiglied k held in equi¬ 
librium by a counterpoise consktmg of a hook of silica. With thk 
cimnterpoise air must be adniittef] into the box up to a known 
prcsfiiin?. IVo began originally by admitting impurilied air, but 
were not long in dbijovering that evety trace of dust and muLsiure 
must be remove*!. The air whii*h entera k consequenlJv purified bv 
pasfdng through a column of pentoxide uf phosphorus, of soda-lime, 
anii of cotton wooL 

Above ii pi\^irv of 150 millimetcis of mcrciuy, cuiwnU of air 
in the box excrcke a disturbing influence. It i» therefore armngixl 
that the balance Hhall be in oqtiilibrium at a pn-ssuire of about SO 
mininietcre. To this end we must alter the coimterpoke, which is 
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done by fttlding sniall piercsi of or by voktiUamg a trace of it 
with the blowpipe, Tbb operation requires about tm hour. 

My hearers ^"lU now urulerstaud that we haTe a halaiiee rap able of 
in^licaiiojy a ciiSerence in vroipht of about two or three millionths of 
a milli^iii. 

In order to conceive of ihal^ let us consider first that the bulb 
contained a volume of air wdiich, at normal pressure and at 0“^ C.^ 
weighinl D.Oi^T nulbgrnm. Each miSJimetor of the pressuro gauge 
eonresponds^ consiequently, to or 0.0000355 milkjgram = 3.5 

hunflrcd'thoiisfmdths, but each interval of ten liivlBions of the scale 
on which (he light of Uio Nemat lamp b reflected from the mirror 
of the balance coiresjiouds to 1 millimeter of pressure. Conse* 
quently, one division of the scale registeRi tbrei^niilboiitbs of a 
milligram. As it b easy to read to the tenth of a division^ we should 
be able to del-ermine a VAriation of three ten-uumontihs of a miUigrazn. 
As a matter of fact tho sensitiveness b not bo great. As I have already 
suicb we may take it at two to three milllunths. 

Having now explained the const me tion and operatioA of the 
balancep I should hko lo say i% few words as regards our caeperimenta 
with uitoii^ the density of which wo have doternuiicd. 

Lei me remiiul you that we conlrivi^d a method by which a gas 
can Ih- imprisoned in a capillary tube. Before making evperiineatB 
with the precious niton, t('sted the balance by weighing xenoa, 
anil as 1 pos^*ss }()D cubic centimeters of hj it was easy to afford 
Indf a cubic iiiillimeter. 

Having measured 0.0977 cubic miUimetcr of xenon in a capillajy 
tubcp ’we soUdilied it at the top of the tube with a little cone of mobt 
blotting fiUeil ^vith bqind air. It was sealed by turning a 

little ffaniD on the tulxs above tho cone, and placed in a small '"bucket 
hung on the halance. It w'as counterpoised and the pressure at 
which the tiput of light was at of the sciih» w'as ob^*rvctl. To 
open the little tube witheui loidng spliotore of glass we removed 
with platinujHrfoix'pps the “bucket** which it exactly fitted^ and 
we pudiEil it into the bucket so that the pointed end w'ub broken- 
\Vf then replaced the bucket and tube on the balance. To remove 
the xenon from the tube, a vacuum was made in the box several 
times, and by means of tho little air^bulb by changing the pressure 
we ascertained the ityss in weight corresponding to the xenorL The 
change of presE^ure w’as IT.I millimetem (7flh-52.9)| which corre¬ 
sponds to 603 millionths of a mitligranL 

But. that does imt give the true weight of the xenon^ for the tube 
h filled with air at a pressure of 52.9 millimeters* and m the volume 
of the small tube is known, its w'ojght can be estimated. Tt ia 4fi 
milhmitkHp so the total weight is the sum of the two^ or 654 inih 
lionths of a milligram. There is even yet a correction lo be made. 
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Firat, the tube was of and its donsity diUers from that of 

edlica of which the coimtorjioiHc corudst-cd. 

To dctDrjTiine tlio altoratioa due to thia diJTarence of densities, 
tho bulb wiis nemovtiid and a counterpoise of solid silica substitutt<d. 
Woighinjf again, we found a difference of 91 millionths, which being 
Enbtranted leaves dbl millionths. Secondly, a correction is to bo 
made owing to the xenon’s having been weighed at a preasuro of 
7D millimeters, while the preosurc lias been changed to 52.9 miiti' 
metcre. If wc hod w'cighed tho sealed tube at a pressure of 52.9 
minimatcrs instei^d of 70 millimeters, it w<m1il have weighed more. 
The corroctioii, then, i& positive. TrVe must find the (MerEnco 
Iwtweejv the weight of 0.530 cublr millimeter (the capacity of the 
bulb) at 70 and ut 52,9 milUmeteis (17,1 millimeters). The equation 

1 20 

] 7.1 x 0.536K^ X lf>00= 15 milliojilha 

gives thb weight, where 1.29 is the weight in milligrams of a cubic 
centimeter of air. 

Thus wo have 501 + 15^575 nullionths of a milligram for tho 
weight of tho xenon. It is eosy to show that the wei^t calculated 
slmuld be 577 millionths. 

.Ulow mo to give another example of weighing with tills balance, 
iff. IVTiytlaw-Gray ami 1 have ascertained the weight of helium 
formed by niton wh^n it chongea lo radium A, B, (\ and lastly D, 
In the manner ulreaily described wo tilled a tube with mton 
in duly, 1910. Wc left it until the begiuning of October, that it 
might change to helium and radium ]>, This last has a half-life 
of about 3(J years, so that it may bo regordtHl as permanent. The 
tube was wdgheti, the ijoint was broken, and it was immeiliiitely 
^lin pjiwwl on the balance. The loss of wei^ was IS millionths, 
its volume wua 0,195 cubic rnimiuetor, and the weigh L of air which 
entercfl at a ]jri’ssure of 37.7 millimotora and IS. 5’ C. was 12 mil- 
Honths: therefore, the total weight of the helium was 27 millionths. 

But given the quantity of niton employetf, we should have obttoiU'd 
3S miltionths, so it becomo necessary to look for it. Kow, under tha 
influence of niton the gas molecules whirii are found in the same 
vessed are forced to iLceelcratc their velocity, doubtless because of 
colLiaioiis with the it part teles projectod during the disinte^atbn of 
tho atoms of tiiion, This velocity causes them lo penetrate the walls 
of the vessel containing them, and the result of our experiments is 
that tho penetration depends not only upon the velocity but " 1 * 1 ^ 
upon the size and form of tho molocules. Thus, helium mixed with 
niton penetrates tho glass more than neon and noon more than 
hyUn^n. However that may bo, we heated th« tube in a small tube 
of silica surrounded by a second tulw lo prevent the entronco of the 
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gMes of the flatna. Wo r^mo’^od tho ghsca with the pump, andp hj 
mcflRs of cjLfbon cooledmth HciuiJ air, ahsor1>c<l the oxygen intiodiiccd ^ 
at first to displaco tha air, which might have contamiiiatod the goBes 
witli Ji trace of neon and helitim. The residue meastired 0.042 cubic 
mi] lime ter ; ita speetmm was that of pure heliuJUp and its weight 
was eight mil I ion ilia of a milligram. Adding this to t)ia w eight 
already indicated by the baJaoca, we obtain tbirty-fiTe million! 
w^hich differa by only tbren mllliontbs from the figure (saJcolated upon 
the hj'putheais that every atom of nitons on dLsiotegratuig into radium 
D, lots throe atoms of helium csscape—L e^, three a paxlklcs, 

Onr main object was to find the true atomic weight of niton. To do 
this we introducadj m five experiments, quantities of it varying 
between 0.075 cubic millimeter and 0.05M cubic millimeior into 
density tubes as T have already dcsscribed. These are the volumea of 
the niton actually removed from the tubes with the pump. It is self- 
erideiit that corrections had to be made for the losses of niton duo to 
its partial spontaneous diaompcaiiion into solid products and for the 
part that had penetrated the walls^ cither under iL^ uvni ferm'or under 
that of helium. The weights we found range between 572 and 73& 
milliofiths of a milligrani. The atomic weights w'ere 227, 225^ 225, 
220p and 215; moan 225. Storting from the detemimationa of 
Madame Curie imd Sir Edwanl Thorpe of the atomic weight of 
mdium and subtracting that of holiump 4, we obtained the atcmic 
weight of niton, 222.4, a sufEclentlj satisfactojy agreementp 

mo describe to you britlly another experiment by Messrs. 
Cuthbortson and Porter^ of the Physical InstitutOp University Collegep 
The object is to find the index of refraction of mtou by employing less 
than onc-tenth of a c u bic mUlimoter of I his gas. At the end \tf a sealed 
capillary lube they polished two surfaces parallel to the axis of 
the tube and perforated the tube with a siuull hole perpendicular to 
these surfacesp By ccmentijig two plates of pnlishi^fl glfi^ to Iho 
surfaces a small chamber wus constructed with a capacity of about 
1 cubic millimeter. They platinizod two small cinrles on the |>olisbod 
glass ao that the light could pass through tho platiniKei:l pjirt and abo 
bo ndlecled by tho mctoUk surfaces of iho plates. Thb thomomutcr 
tube formed the upper part of on apparatus such as that wrhich I have 
deseribeil to you, into which purified niton could at pleastin? be iiitro- 
duewi. Uiokkig at the greon light of a mercuty lamp through tho 
hole, friiigcs ill tho fonn of concentric emdes could h^jset^n, the lengths 
of w hoso radii change with evuiy chttngo of pressure. By measuring 
the number of bands which pass through a fixed point for a knowm 
ohango of pn^sjure tho rcfractiou of tlie gas can be calculated. 

Several measurements w'cra more or li*ss succesafully made. The 
difiioulty whii'h mado it impossible to continue tho invest igat ion waa 
eutirt^lj uuforesaen. This was the corrosjou of the platinum by the 
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iiitnii. The pliiimuiii bc«;«mea deep blucb and thus entirely loara ita 
^ f Hti>i pfl ntnry; and It 15 LDifiCHisible alter A few luinutes to sen any 
light thmugh the plHiinked plaleti. But before the uttaek began 
A few observations were inado indirating ns the refraction ip —1) of 
niton a %ur 0 upproxiiiiatuig 0*001633 for white liglit, or about 45 
tinuss that of heUum, 0.000035. You will perhaps remember that 
Jfr. CuthberU?oii pointed out a very curknia relationship nJnoug the 
figures eipwssnng I ho rofraetions of inert elements* Those of helium, 
neon,argon,krypton,and xenon show thesbnplorelation 1|2,S, 12,and 
20, That of niton seems to be in relationship with the others* 

The possibility of weighing such minimal quanlUiea suggests in¬ 
vest igalkuiu whieh must bo vety interesting. We might, for instaaFe, 
cakulato the thiekncBa of the layers of gas attaehed to solhl objoctfl, 
for their weights are quite pereeptible. I>r. liVhitlaw-Oray weighetf 
a very light etqjaulo of gold with a surface of about 2*5 aquaro centi¬ 
meters. After heating U to redness ho at once replaced it on the 
balanco anti counterpoised it. It gahieil in we^ht for two dap, 
the totatuicreass htdiig 1,000 millionths of a milligram. Calculating 
tlio lhieknes 9 of such a layer of air, it appeata to be seven moli^ 
cities thick. There is evidently much to bo done in that respect, for 
the fiuljstunees, the nature of the gas, the temperature, and the 
pressure may be Tufietl itt ploasiltc^ 

We liaTO like l^funed imotber extraonlinaiy fact^ Wo Dcmdod 
poro water wliicb sbould leavo oo solid residue in evaporation. 
Although we distilled water in vessels of platbium, silica, and silver, 
wo could never obtain a drop but there remained after evaporatioi] 
a cryatiilliriQ depCKsit, We even attempted ayntbetic water prepared 
bj btimiiig hydrogen in contact i^ith chiHoil yessek of glass, silka> 
pljitkiuin, and silver. The thopB obtained all left a simUar depc^it 
weigbing about 100 millionths the drop. We spent a weary fortnight 
in nttoiiipts of this kind^ and fina Uy discovered that no residue is 
obtikincrl when water is evaporated in a current of air filtered through 
cotton wool. The residue came from the dust suspended in the air. 
Acconliug te their appearauce the crystals consisted for the most 
part of common salt, carbonate of lime, and sulphate of lime. 

Thus it is evident that water in evaporating is cbarge^l with dec- 
tdeity and attracts dust, which possesses a relatively great 
Gentlemen, these are some ol the experiments wo have been carrying 
out diuiug the last few yeius. Instruments such as the spectroscope, 
the microscope, and the electroscope have been highly perfected for 
tlie investigation of niinimal quantities. We have often bod reason 
to regret that our means of detertninmg the quantity of matter by its 
weight and volume have lagged so much behind. I trust we have 
not wearied you in giving some account of our attempts to see the 
invisible, to touch the intangible, and to weigh the imponderable. 
saCO'—flu 1012—^16 
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the latest ACHlE\rBMENTS ^VND PROBLEJfS OE THE 
CHESnCAL INHUSTKY/ 


Bj'FitfL J>F, CjLttfc DuiftaEEO, 
Of Qaifum^. 


Probatly in no domftin of Ivninttii knowltjcig^i unci ondc^avor hji¥0 
tho combined forces of theory and practis^j intimately ficting and 
reacting upon each others made suck immense atridea and led to the 
Bolution of sudi difTicult pTobleDi& tts in chemical indurttry j an 
kidiiatry which, indeed, had its Wginninga in tho pusl^ but 

in its vost dovdopment and intcmiationnl character U oaseniiolly a 
child of motlcm tiuKs. Success has so embolden eti thja industry that 
it cunsidens itself capable of eolving any problem, providod tho men 
iu its aendoo are wdl trained in theory and pruclico and rcsody to 
dwoto Iheiufidyeti to the beat of their ability^ with patience tmd 
j^enseTcrance, to the object in viow. 'fhis hua bw^n shown by ih.% 
fltnigglo betwotm the oontfict pmeesuof producing sulphuric acid and 
the old “chamber process'^; by the rivalry Indweeu the Solvay proc¬ 
ess tind tho Le Blanc matbod in the manufacture of soda; by tlie 
prodactioD of nitric acid and ita salts by direct oxidation of nitttigen 
of tlic uir under the iniluance of the heat of the electric dkchoiga; by 
the manufactcire of ammonia from utmosj^heric nUriigen indiroctly 
via calcium cyanamide, and directly by combination with hydrogen; 
by tbe replacement of madder by nJteorine, aoil of natural hy ayn- 
tiiotic indigo^ as well os by innumcriilde other instances in the color^ 
porfumot and pharmacoutkol industries. 

If,, before an audience not whc^lly consistmg of chemists^ I venture^ 
within thfi brief jieriod of an hour, to describe tim laicsl nchievementa 
of tlie ebi^Tnical industry and to recount the problems that are engag- 
ijjg our attentioDp I must restrict mysdX to a groat extent both in the 
choice of tho subject matter and Its mode of presentation. Wo can^ 
indeed, merely touch upon tho most iniportant happenings in our 
indiislr>' am I mustp from tho very outset^ refrain from a thorough 
dkcussiuu of the subject, oither from tho piircdy chemical or the 
teclinical side. However^ whai. can not bo dcacribod for luck of 

* Cetq^jTid ^liii? at EtUoA ItiLefantlMMl ConKi^it Qf AprpCk^ CUrtuktiryj. ftl Ui* Cllf Ol Jf«ir 
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tSmp, wnl what wo fihouhl very mudi like to imKI for tho aako of thoae 
chrm'uits who are present, is muatrutwl by that rich coUeotion of 
fj iftjp tuTiflj proilucta, and matoriale of all kinds. What can neither 
be mentioned in my papier nor illnatmteil by theso exhibits Avill he 
demonsiratiHi by monlta of tanUmt slides, and, should you posBeea 
paUrnco enough, I ahall show you at the conclusion of my address 
one of tho newest factorii-s Avhich tho German chomierJ induatry has 
built on tho Rhine, with its various maaufacturifig deportments, and, 
above all, its proA-Lsions for the welfare of its employees. 

In the spirit of Faust, "Wlui brings much will bring something to 
mauv,’' T invite you to make a flight with me in an ainship, as it were, 
over the Adds where the chemical industry holds sway, and, from our 
point of vantage, to take a bird's-eye view of tho latest achieromenta 
of this industiy, K ow and then a'e shall make a ] andiiig and ex amine 
the most attracitive features a little more closely. 

FBonucTiOK or i-owEn. 

The question of power, which is of the utmost importance m every 
industry, anil espeeudlyin the great synthetic processes by means of 
which nitric acid and ammonia are manufactured, is now dominated 
by the perfected utilization of hydraulic power and the development 
of the turbine. Not only does the traiisnussion t)f doctric energy 
render it possible to utilize water power at great distances, but it also 
allnws of tho irananiission of power evolved at the coal mines and the 
peat fiekhi to distant points, thus ebminating tho nocesrity of trons- 
poiiing tho bid itself. Recently wo also learned to apply tho prin- 
ciples of the water turbine to steam turbine. But this ad vanes 
over the piston steam engine, which Watt so ingeniim>,ly constructed 
about 160 years ago, boa already been surpass4al by Innizmc, iietro- 
lenm, or oil motors (iHescI motors), autl, above all, by the reliable gas 
ongiiu^ which are flriven by bloHl-funiai^e goacs, Mond gas, and more 
recently by peat gas. 

PBOOVtmoN OF BV-wtooueva. 

Tlio manufacture of by-proilucts goes hand in hand with tl^ more 
direct genoration of energy from fud. Hieai products inclu<lo 
ammoiuiim sulphate, of such great importance in agrktdture, and tho 
tar distillation products, so indispensahlo in the color induatry. The 
latest ancl most rational method of utilizing tho peat or turf beds, 
which arc so plentiful in Ciormany and in many other countries, is 
practiced in Sehwcgcr ^foor, near Qsnahrdck, according to a process 
disco verod by Frank and Caro. There peat gas ia produced, and uti¬ 
lized and ammonia obt-oined as a by-product, tho requiretl power 
being gcncrateil in a SfODO-horseimwer central electric power station. 
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Tho mcH^rljintl* after removal of tho peat, w rendered itemecable for 
agriculturiil purposes. 

At that place nearly 2.500 to 2,600 ctibifi meters of gas. -n-itli 1.000 
to 1^300 eaJorieH of heat, were obtainecl from 1.000 kitf^mnis of abso¬ 
lutely wator-free ireat hi the form of airHLrLei:l peat| with 45 lo 60 or 70 
per cent c^f moLmure. This gas represents energy equid to I jOOO liorse- 
power hours, equal to 700 kilowatt hours, after daduetiug the heat 
and power used for tho operation of the gna works. In addilioii 35 
kilograms of amnioaium sulphate were produced from the above 
quantity of peat, which contains 1 per cent of nitrogen* 

The greatcjst prohlein of power |m>duotiimt the direct couveisbn of 
coal into electric energy by means of gas batteries, a prolilem which 
we had htiped to solve 25 years ago^ is still to-day nothing more thfO i 
a dream- 

PllODUCTIQ5i OF COLD. 

Besides tlie problem of jx>wer and h&nij the question of mfrig^m- 
tion is ^flle of gi oxi'ing importance to tho chemjc]d industry, lusted 
of tho ammonia machines which a torn porn turo of minus 20® C. 
can be fittalnixl^ we umploy to-nday sulphurous^ueid niacbincsi or, 
bettor still, resort to tho carbonic-acid g*isifior, which violds a t€m|>era- 
tura of 40® 0. bdow ^ero. It is hoped in the vimr future to priidiice 
refrigeraLing machines which, by tho use of suit^iblo hydrocarbons^ 
will give temperatures of minus 80® C* Plants for the Iiquelaotion of 
air, producing as low a tomparatiire us minus 190® C., are btJcoM- 
ing more and more eemjnon, and aro especially pmGtJihtc where 
gas mixtures rich in os^^gen, or whore pure nitrogen, wdiich tim 
simultaneously produced, can be utilbod. Djagmms showing Llie 
♦pnocots im'entod by Undo for the roclifiCuaLiori of liquid air ivith 
tho object of bokting nitrogen and oxj'gon aro uxliibit^ herci. Tim 
Badbche Anilin and Soda Fahrik in Ludiivigshafcn on the Rhine in¬ 
tends to tiuinufacture ii 3 "dregeii from water gaa in a similar ivuy and 
to utiii^ the carbon monoxide, which is sunulitiuuoualy obtained, 
as H fioureo of power. In a largo plant w'hioh is being erectml tho 
firm Lb going to produce ammonia sjntheticttll_v by oombinijig, accord¬ 
ing to Haber's mvontion, pure nitrogen, obtained by the Equefactinn 
and rocti6cation of air, with hydrogen manufactured ss above. 
Piirtieulars ai>out tliis process uill be given during tiie congress by 
Prof* BcmLhfian in his lecture on ^^Syntbetic ammonia^ ” 

filZK OF AVPABATUS. 

Influenced by the Solviiy pmcessi for the mnnufacturo of soda and 
its pcctmiary advantages, the apparatus us^ in the chemical indus- 
iry have enormous!}' increased in size. In this res{)ect the United 
Suites, no doubt on account of the o.xample set by the iron industry". 
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iritK its blftsl furnaces wntJa a flaily cnpscil)’ of iiOO tons, its giant 
convoTors (50-ton wagons), its tugo boiating cranes, is ahead of 
otlier countries. But careful calculations havo proved ^t tbero 
b a limit b this direction. The failure, on account of sbe, of the 
Mactcar snlphato ftiniaca, with a daily output of 25^ tow, is u'oll 
known, whilst the mochanical eulphcto ftmiaoeof tbo Yorem Chctius- 
char Fahrikon b Mannhoim, which produces only 7 tons a day, is o 
$uooms cvenTThcre. It is not imprubublo that the high cost of oon- 
Blrurtion and the great loss which cooidontal stoppago entails will 
necessitate a rednotion m fflxo of the wonderful Wedge furnace, ti 
creation of the United States, which roaste 30 tone of iron pyrites i»or 
dav. 

in the organic chomical bdustiy the iron vocals for cluonn&tion, 
Bulphonatlon, nitration, reduction, and oxidation, as well as the 
wooden tanks ui which wo diacotize and produce colors, have deveb 
oj)C*i Crem the small vessels and vats of former years into apparatus 
of mighty size, their limit being generally determinod by tlio capao- 
itr of the mcdianical bdostn*. But here, too, the nustalu» which 
often occur b manufacturing processes and tiio extra losses which 
thov mvolve teach us that a wise moderation should be exorcbod, 
WliercTor possible, contbuous oiscretions have replaced those 
processes which worked intermittently. In this way hiss of time 
and exjicnso, caused by cooling and reheatbg, are avoided. This 
ia cxempliEed by Uebera new method of the production of nitric 
acid from Chili wltpcter with retorts lying ab've esoh other and 
without stirrer, and by that of the BsdLschc Anilb and Soda Fahrik, 
where the cluunbets are back of each other with stirrer, these methods 
httvbg rejjlacetl the «hl single retort process, 

VATKKlAl. FOR CITEMtfAL AFPABATUS. 

As regards the material for chemical apparatus several new wares 
musti he referred to; 

Qtuirfr wharfs.—Apart from tlie fact that the saltpeter industij 
of Norway taogbl us howr to absorb dilute nitrous gosea b towers 
20 meters high , made of grenite, a siibatanco which was rarely 
used for chemical purpoees, w'e have to-day at our disposal tubes, 
dldire, and vessels of fused quarte, which are stable against acids 
ami heat and which are manufactured b the same sizes and dImen- 
^on-H 03 the well-known cartheuware vessels. 

B^ned rieei.—The greatest progress, however, has bocti nuule b 
the manufacture of iron alloys or refined sted, 

Tlumks to the kmdneaa of Freidr. Knipp of Esscii, 1 am b the 
fortunate position to describe a large number of hitherto unknown 
substances of great importance, of which 1 exhibit magnificent 
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^proinii'iLs^ photogtaphi^i niid limtc*m sliiles^ Just however^ 

I must ask yuu to imikt* om> of tlip liuitliiigs from the upper air 
aiid [wnuit uip to di^al with the subject at grt'ater iengtlt, \ ou 
will be e^tankbed at the ImLmetise progress nrhich has Leon mmh 
to the general benetit of our mtlu3tT3\ 

Of tlie greatest hitcrrest are? the alloys of iron mth other heavy 
metals wid metallujils, i. e., alltiyeil steel. 

Instead of carlHUi, other elemeut^ are employed, Avhich likewise 
enhaiirrO the hardneias of steeh hut prevent the formation of a crystal¬ 
line mlcro-structiim liable tc* cracks iuid fla'A's. The most imp4>rtaiit 
of these dements h nickd. 

Nickel ^feeL —The readiui'^ with which nickel farms an alli»y 
with iron has long been eonimnn knuwle<lgi.\ Kven in fieaseraer'3 
days attempts were fiinde in Great Britain to turn out cannon 
m^e of steel ctmlaimng 2 jjer cent nickel The Cixperinients w'ere 
not siieci^ful because the nickel obtained at that time contained 
IntpuritieSj such as copper^ arsenic^ and sulphur^ bo tlmt the steel 
could not be forged. Tliirty yeni^ later pom nickel, as we know 
it to-day, mailo successful rrsnltsa pH>ssibIe. The same was the case 
with chrotniunij siliconj aJid itnuiganesep and not until these dementj 
were |irodueed pure could successful iiJloya be [uunufaetured with 
them, either alune or ti>gt.‘ther with nickel. TLa chief aim in the 
maiujfaii'tute of these alloys is the formation of an ainorplions, 
pliable structure of the steel. This result h attaineil not only by 
removing more or less of carbon^ but ttlan'C all bj" a certain therinin 
treatrnentj uanidyt by suddcjdy ootdlng steel heated to a high 
temperature^ beating again and keeping it at a certarii low'er tempera^ 
You will 1^0 two samples of ated; in the one case, the coarse 
crystallization of tho pure carbon steel l>erorc it is foiled, and in 
the othcr^ the same steid rdined by' the thermic treatment. The 
ddlereueo in tho micro-structure of the forgetl carbon stpcl and that 
of the: forgixl and thermically treated nickel sted must alw tie 
noted. Wliilst carbon steel after forging still shows a dry^alline 
stnictutX! with visible cleavage planer of the ciysUls* the section of 
nickel steel displays au amorphous structure closely trembling 
that of welded Lroii. For comjiurhkm sake^ a sample of u TVelde<l in-pn 
fracture is exhibited. It must not bo overlooked^ however^ that 
nickel and chrome nickd sleds aixs twice or threo times fts hard as 
weldeil iron* There are also exhibitiHl test pieces of construction 
parts to bo used in tho automobile industry made of alloyTtl sted. 
Notwithstanding the high tensile strength of about 90 kilos ptT 
square; millimeter Ci^ c-j aliout 55 tons per s^quaro iiich)^ no friu^tuto 
IB noticeable^ dUnnigh ttiey are greatly' bent* 

Aside from these improveinen^, wliieh are of such great uiomrnt 
for stnivturol sted, the iron dlay^ have found mimy new applications. 
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1 merely mentbn the difTerenl nicki'l alloys for .RhtjjUtifldiTjg-, 
elm-trie apijlkncflSj and for vfllvos. These valnahle alloys eoti- 
tftining 23 per cent and ioorc nickel, are nonmagnetic, and not 
alTcfted by atroospherir influenco's; those ctmiaining 30 per cent 
niekel poaisesa great resistanco to cloctrlcitY, whilst tho coefficient 
of espansion of steel with 45 per cent nickol is only one-twentiffth 
of that of ordinary- stind and mit greater than that t>f glass. 

Chromium, tungstra, and «i5%6denum sled. —It Is a very interesting 
and novel fact that by the tliermic treatment alone the microslmctmio 
of tho cheaper kinds of unalloyed iron plates and imn shapes Ls so 
changed that it becomes threo times as resistent to the destructive 
eifect of acids. If alloys of iron with chfomhim, tnngaten, molybdo- 
num, and aluminium in certain proportions ore thormically treated, 
this resistance is increased fivefold, as is shown bysaiivpleaof ordmaiy 
carbon steel and ehromo nickel steel wluch underwent a treatment 
with dilute sulphuric acid for 5fi days. 

An alloy of onUtiary iron with 5 per cant nickel is an excellent 
material for vrilhstanding hot caustic soda. Most aatomshing 
properties are displayed by sted alloj^ contairdug mure than 10 
]>er cent of cluomium and a small addition (.2 to 6 per cenl) of 
molybdenum. Such alloys are manufactured in the form cf jnsllcable 
cast and forged iron pieces by Krujjp acrcordmg to the patents of 
Borchers and Monnarts in Ais-la-t^hapelle and in the foini of rtiUcd 
tubes by tho Mannrismann RShrenwerken in Rcmscheid. These 
alloy a are insoluble not only in dilute hydrochloric acid and sulphuric 
acid, hut alsi> in dilute nitric acid, ewn with the addition of dkali* 
chlorides, and if IheT contain atsiut 60 per cent chrome, 35 per cent 
iron, and 2 to 3 per cent molybtlenum they witlisteuid even hjiling 
aqua rngia. You will see samples of this extraordinary steel, after 
treatment wntli acids, compared with ordinaiy steel and cast iron. 

Tool sled.—It must bo especially mentioned that the alloys nf 
iron with chromium, tungelen, aud molybdenum tempered by a 
special process invented by two Americans—Taylor and White—find 
meet important uses os quick turning steel for all kinds of tooU. 

FniwdittTn stref.—The most recent improvements in the manu- 
faciuro of steel for tools which must of necessity keep pace in hard¬ 
ness with structural steel have been made by the employment of 
vanadium. Unfortunately, thb metal, the use of which is steadily 
increasing, is still ve»7 dear, and the problem whieh chemista have 
to solve is to produce it more cheaply. If the price could be reduced 
jtcrceptibly, metoUurgisLa prophesy a great future for this metal, 
which exercises a very favoruhlc inHuencc on the microatructure of 
steel. 

Of great importance arc those idloys of iron with chromium, 
tungsten, and vanadium, which possess a hi^ degree of harduess 
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emn at 400 to 500* C. Th*y aro needed by engineers for the eon- 
Btruotiijn of steam turbines, for tlie embossing and spraying of 
metal objects ivben heated to redness, a process which has lately 
found estonhive application. Chemists use these kinik of steel 
whenever chemical reactions are carried out at high temperaturra 
and pressure, e. g., for Uie Bynthesia of ammonia according to Haber s 

process, . , i. ■ 

The very hitost alloy has now been putentod and is being manu- 
faoturod by Knipp fur tho constniotion of safety vaults and safts. 
This sted can neither be drilled nor exploded, nor can it bo cut by 

the oxyhydrogen flame. ^ 

Two Buniplos of Btet‘1 aro cshibUetl, one of ordinary steel m which 
great holes have been cut in iiTO and ono-half minute* by using an 
oxyhvdroyen flame and in six minutes by an oxyacotyleno burner, 
and a Bpecimon. of tbk now alloy which has rcmninEd intact after 
being tn^ated wilh I ho same oxyhydrogen and oxyacetylene iiames 
for tine and one-half liours. I^ct us hope tliat on this hard and 
infusible material the aciontifio safe burglar will exercise his noble 
art in vain. 

ilaJiganr^e Of Iho uUoys made with manganese the manga¬ 

nese steel or hard steel, finsl produced by Robert Hadfiold, because 
of its great wear is cluelly nsod for cast-iron parts of disintegratom 
and roils of electric tramways. On account of its hardness this 
steel is not niaileable, but it con lie brni in the cold state, and is 
thu a very safe against breaking, 11 is t herefor e of much interest to the 
chemical industry where, in almost all branchesj grinding operatioaa 
are carried out, 

SiJiroft I'innlly I wish to refer to alloys of iron and sihcoa 

which ofintfun IJ to por cent silicon and a high percent ago of 
carbon. TliU aieei is e-'cc^ently adapted for tooL*! and springs which 
must stand high strain. Since steel alloys containing mudi silica, 
although brittle and porous, have provtsl very slablo against acids, 
thev are now being used more and more where such a property is 
of importance. 

Alloys wilh about 4 per cent silicon, but very poor in carlmn, aro 
of groaler valuo than the above. Robert Tladileld first piunteil out 
tlio importance of this alloy, whilst Kruiip, working in connection 
with Capita and Klein, a firm of fine-piate rollers in tlio Rhineland, 
considerably improved it and introduced it for electric purposes. 
It is employed in large quaniilies in tho form of sheets of 0,35 milli¬ 
meter (Vt inch) thkknoBs for the conBtniction of dynamos, alternate- 
current moiom, and Iransformers. In Germany alone the eonsum^p- 
tion of this alloy already amounts to 8,000 tons a jTur. ITus material 
has n risstatanco to cloctricity four or five times groaler than that 
of ordinary iron and loses only lialf as many watts, so that tho inju- 
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riou^ FoucMiiili eufTeaU iiro reduced Lu a tfiiniiiiuiii. Tha n^vu- 
ffictuti! of tr&nsfoxrncT^ bjis therefore bocoxne much cheapfor the 
proparlion betwecix iron ad J copper ia much mute economic-ul. llic 
production of thin aUicon iron alloy, with ita very low percentage of 
catbctrij and that of ths chrome nickel ateola, almi>si freofrcmi carboiii 
heeamo possible only after BiUcon fmd chromcj cnLitnly free rtiim 
corhoTit could ha manufactured by electric Bmelting processes. 

E7rcPv>-^i^£L—Since the elactrie smelting fumaco iuis como into 
uso in the steel industry the problem of removing eulphurj which 
cuguged the attention of chenmtB for ^ many yoars^ has been solved. 
It has been found that the electric furnace process produces a slag 
free from metah and such a slag is the prime requisite for iho com¬ 
plete desulphuring of the atoel bath. 

EltdrolifH^ —Superior to the sihcon stoah poor in enrhonp 

in its oJocirio properties is tlie “Ideal'' metal for electroniagnotij 
— the pure electrolytic Iron^—first produoed by FnuiK Fbehor, of 
Charlotlienburg, and now mantif&ctured by tho firm Ijingbeirn 
Pfanhauser & Co,, Ijaipaig, Fomiorly it was impossiblu to [>roduco 
it free fiom hydrogen^ consoquontly it hartl and britUo and was 
not malleable. Only by electroh^sting at to 120® C* and eirh 
ployiixg an iron salt solution mixed with hygroscopic salts, such as 
calcium chloride, the iron booamo itrm from hydrogen. hard¬ 
ness then sinks far btJow tJiat of silvor and gold and h not itnucli 
groator duiii that of aluminium. It possosscs the vidnublo prtiperty 
of becoming magnetic mono quickiy than ordmary iron, coiiUdiiIng 
carbon or siUctmj and also of again losing its magnetism mom nsaililvT 
tliiLs considerably increasing Uia ofllcicncy of iT-lcctromtitorH, for 
which it is used. iVinongat the exhibits you will find several objiicts 
ttiaclc of this oloctmlytio iron? for example, a onthodu made frf>m 
tm elootPolytic iron plate during five days of uninterrupted opera¬ 
tion; also plates made by rolling j further a motor whichj if eou- 
strueted of siUcon iron^ would furnish |},5 horsepower^ but being 
composed of doetroU'tic iron, though in use lor soA^enil monihs 
witJ^ut appreciable signs of wear, it now furnishes I Jl horsepoAver^ 
in other ivords^ it is and one-holf times os officient.^ 

With all Lho 30 new materials at our disposal^ among wtiich 1 
must also muntion copper, with IG per cent silicon^ and coppew 
nickel^ wo shall surdy bo able lo improvo all flj?>rts of chemical ap- 
parutus tliat suJTcr $n much from wear and teiu-. 

After this sliort invaBioii of tJic domain of motdilufgAr wo shall 
now turn our attention to the chemical industry proper, fimt doah 
ing with the nianafacture of inorganic substoncos, the hmrj 
chemicals. 


iteSOtddiaillAi- atKlTwtKiiiir, Nil, Ifl, IDDfit 
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SUUPHfBtt- Afll). 

TTio triTUnphnl ]jroffrBsa of tho fcOHtflrt prtKHJas for iho manufucliiro 
of sulphurig acid in the Unitod Statw sctutselj’ hm its pjiralial iii 
GormiinT, ^shcTt. K originated. Platiitum, lu spiU of tJw fact that 
itd price Las mcressed tLrocfold, is stiU our principal eontoct agent. 

it id possible to cnirj' out otbor contnet processes wim vanoiB 
contact mateiiala, 'W'e sLall cortainly find otper agents wan plati¬ 
num BTaUabla for Buipburio acid anbydride. It ought tbanifore to 
bo a fruitiul fidd for research to find cheap subalitutea for plati¬ 
num. Tho Americana in tho 20 yeaiH that have olspsod since 
Kiuotaeh first auccesafullv earned out the conlacl procesaj ^ have 
mcrnswl their outjiut tlireofold fur tho same a'cight of platinum. 
NeverthdofiSj tlifl old loud-chnPiber procoaa atill compotes with the 
new mothotl, and tho steady improvement of thk process and the 
purity of tho nffiuUing acid must bw acknowledged. In fact, tho 
leiid-iihimibcr process proniLaea to make furtlier progress in 
future in view of ibo sueoess of Falding's high chambers and Opis 
tow-eni, in which largo quantities of acid flow down, 

Tho Gaillord tower ia siTprwme for ooncentration and rocovery 
of tho acid and for the reeooflrfttion ^ various waste acids. 

ammonium sulfuate. 

A new way of nianufflcturing sulpuhric acid, tegeth^ 
monia, from tho gases wlvicli are produced by tho d^ distidalion of 
cool, is looming above the horisson. Burkhelser is Bcekmg, with 
tbo aid of oijpocially prepatwl wot iron compounds, to bind the 
sulphur, simulttineously ahaorbing cyan, and tit convert the aiiimo- 
nium sulphite thus pn'tdutied into ttmraoniimi sulphate by ojddfttimi 
with atmospheric air. 

In t-ompotition with Buiftiieiser, Walter Feld is endeavoruig to 
recover sulphur directly os ammonium sulphote by a series of inter¬ 
esting tvnelionB, in which thiosulphates play an hnportant part. 
Such planta arc in oiwration in Konigsberg and hero in New York. 

NlTtlOOEN COMPOtTNUS, 

So much has l«en wrriltpn concerning the progress made in the lost 
five years in tho uliUsatiou of attnospbeme nitrogen that 1 need not 
enter into a descriptbn of Birkcland-Eydo’s, Sclifinlierr's or Paulii^'B 
process for tho direct oxidation of nitrogen by means of Uie electrical 
discharge, nor of Fronlt'Caro's methwJ of forming cyanamido from 
carbidea {the world profluction of cyanamide is, accopling to Dr. N. 
Caro, 120,000 tons per year, of which 3l,W>0 tons are niftnufaBtured 
in Germany (16,000 in Troatberg and 15,000 in Knapsack near 
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aksual bei'ort i^mithboxian ix^snrrnox, iDll, 


D4o^e)p IDpOOO tons are maclei in Niagara Falb by the Anicrbim 
Cj'Aiiatnicle Ct>.^ anJ tluridg tho next three years the tetiJ pmduet-iun 
is to be mrreaaed to 200p000 tdnsj^ nor b it neeeasarj'' to desieribc the 
Serpejc process for the prodticlion of ammonm from alumioium 
nitriiles combinecl with the utUisation of alumina wliidb h simultane- 
onsly obtame4^ I will mention, however, that the problem of con- 
eentrattng the tiilule nitric.add, as obtaincil in the large absorption 
apparatus from nitrous girscst hm been solved by Pauling^a rnethoil, 
in which sulphuric acid b used in a battery of lowers. It is also 
possible now to convert economically cyan amide into ammonia and 
this again into nitric arid« 

SODA AXD CHLORlXE. 

Tlie 5Sl-yeffcr-old Solvay proccesj which has conquered the whole 
woriclj St ill remoinB maater of the aituaiion. This is all the more 
remarkable since it is stiU imperfect m far as the yield is concemeil, 
for a quarter of the salt used in the process b lost as auchp- and the 
whole amo^int of ddorine in the form of calcium chloride. 

Although the materials oinployed in the Le Blanc process are cotn- 
pletcly utilbed^ tins fact will not give it any chance of surviving, and 
it would seem to he now chietly of lustorical intercat. 

Xot le^ remarltable is the 25 yoars^ cancer of tho alkali-chlDride 
cicctreh'sb. The limitfMJ market for cldorinc compounds and the 
great space taken up by tlic ekcttoljVuig baths were great obetaclcs 
to the progress of Llik apparently ao simple method. For the same 
reasons the must approved proce^cap mich as the GricsJieim cemcait 
ccU, the quicksilver cathodes of Castner and Im successorsp the 
Aiissig Bell and the irire-gauEC fliaphragm of Hargreavcsi mth its 
many varietieSj of which the Townsend cell is the latest and heatj did 
not develop as expected. The limited demand aiao quickly restricted 
the opi^ration of the brjlliant method of inanufactumg ehloratcti by 
electrolysis. 

mf. 

Tin is noi only produced from natural ores but aku in more than 
20 riotitiniiig I'stabliahmonts from tin-plate and tin-can waste; 200^000 
ions of tin-plate waste arc suhjectctl to this treatment and about 
24,000,000 marks (S6,000|(XKI) worth of tin and mm are r<Miovcrcd. 
The eleetrolytie detinning process, on account of high wages, the 
great cost of current, atid the conmderable manufacturing loss^ liaa 
Ijccn renlacctl—where there is a market for chloride of tin—by the 
patentdl process of Tliomas GoldscbmifU, of Essen. This process 
takes advantage of the properties of chlorine gas, in the dj^ slate, to 
pveiliiy take up tin without reacting on iron if certain temperaliires 
are ohiiiervcd. Instead of the inferior quality of electrolytic tin mud, 
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whii’h mwet b« converted into niurketdble tin tiy postly amcltitig 
opetAtions, the new proeftsa yields an unliydroua tin dilork^ wli^ 
ia used in large quantities for weighting silk. The detmning with 
clilorine te not carried out Vidth cuttmgSi as in the electcoij'tio pmet^ss, 
but witli wasto pressed iu bard packages, so that 20 times as itmcb 
material can la* treated in the apparatus at the same time. In the 
United States this proecas is operate<i by the Goldschmidt Detiniiing 
Co, of Now York, 

BKneerKo ASP oxmiziifo AGEJfTS, 

One of the most brilliant guccessea in applietl chemistry has been 
achieved by the persevering exporlments of some chemists willx a 
long-neglected sobstance, the constitution of which had never been 
properly understood. The old hydrosulphitc of SchQtzenbergcr, 
rendered stable and easily tranaportablo m powder form as an anhy¬ 
drous sodium salt or as rongalilo in combination with formaldehyde, 
has now become a moat important article of commerce. It la cliiefly 
usdil in vat dyeing and for rediicmg purposes in general, such as 
atripping dyed fabrics and im deorolin for bleaching sugar. 

FEHOXin Of nTOHtH'iEX, pehsuuhatk, axt> pekboratiis. 

Pcroxiil t»r hydrogen and its derivatives at present find less favor 
in eommoTce, although tlieir future appears to be very briUknt. 
Recently the Farbenfabriken vorau Fri^r, Bayer & Co. succeeded 
in rendering tbls important oxidizing agent, which easily decomposes 
and width can be marketed with ilifTiculty only in watery solution, 
solid and stable by the addition of urea. 

This powder b in the tnarket under the name of Ortizon, but on 
account of its relntivcly high coat it b blended not ao much for 
technical as for hygienic and pharmacout icttl purposes. 

The iiiterestmg manufacture of sodium peroxld from sodium 
onfl the many scientific mvestigations of tho pcraaJts, have not 
been followed by great cooimercial buccgss, Tiio persulphate and 
perborate, however, the latter under tho tiamo of “Perafi/* are being 
manufaeturetl on a largo scale, Tho reason of thb failure seems to 
l«i the high coat of production. 

RARE METAIiS, 

The most interesting alloys dbeovereitl by Muthmaim and Auor 
htive found little application m tho arts, and tbs use of cerium and 
thorium preparations, b still confined to the mcandescent gaslight 
industry. Only the “Auermetol,** consisting of 35 per cent iron 
and 65 per cent cerium, is employed and this only to a limited 
extent for the manufacture of pocket cigar lightera. 
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In the metal filament lamp intiustTy, liingsten, which slmws the 
Uiglieat mdtinjSf point of aU metals, namely a,lOO“, has repUe^ 
tantiUunHj whinh melts at about 2,30G“. This beoiUBC po^^o 
only after Bueaeasful experiments to render the metal duoule by 

hammering. , . u* ■ i ■ 

Tlio elemanls cadmium, seJemum, and tellumira arc obtamotl m 

great quantifies ns by-products; the first is pr&iuecd in the me 
industrv, the other two from the Tellur goUl ores which arc found 
in OripVlc Crijck, Cblo. .Uthough they arc sohi at rektivolv low 
prices they find but little use m the industriea. 

AnTLFIClAL PHXClOUa STONES, 

TinnUy, I will, in but a few words, touch upon a new industp’, 
viz, the ayntbetic manufacture of precious stones from idumina with 
additions of chrarae oxide, iron oxide, or iitmw acid. Artificial 
rubies imd white, yellow, and blue sapphirea, which can not be dis- 
tingulHhftl from natural atones, aro being mamifacturad in great 
Quantities in Paris and recently also by the EicclrocberaLscbe Werko, 
BitterTohL They ore used extensively for jewelry amt especially ns 
Irtfiirings in watches and measuring instniments. 

jUI this will give you a striking picture of the development of inor¬ 
ganic chemistry, wliich is taking a more and more important position 
Ixiside organic chemiatry. 

APPLTETl ORaA>'l€ CalSStClbtTET. 

Tn the wrj^iiic iiitlustry the rt^dctions ajv, ci>n5^idprably 

more complicated ami the apparatus muslly^ smaUcr tlian in the 
inorganic industry, Here the chomisi, like a juggler with Ida balls, 
gives every atom a definite position in the many thousand cumfaina- 
tiuns which carbon forma with hydrogen, oxygen, nitrogen, and sul¬ 
phur, ami tbi.ro exint tbo most variml roactlona and processes which 
nuvy had to the same reault. This dmmistry of the carbon ixim- 
poiinds lias been most wonderfully pcifccti^d in the coal-tar color 
mdustrj', and in every factory of this brunch there are humkeds of 
scientifically trainctl cbeniLsts always experinumling ami tlaily finding 
new combinations ijosseasing properties of technical value. Before 
thi"sc products Ijcctimu finished articles tq. be aold as colors, perirnnes, 
or phnrmoceutkol preparations they must further go through a series 
Ilf numerous Jutermcdiary opt-raiions, which finully lead to the uiar- 
ktUahle chemicals, 

COAL TAB. 

The starting material of the hnjwrtant coal-tar color industry is 
the block tar winch is <ibtaiat*d by the dry distiUatbn of coal and is 
known tt> contain about ISO dUlorcnt chemical products, of wliich. 
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aside fnim wirbolic acid, the aromatic hydroearhona, Itenzole and its 
bomnlitgiies, toluol olid xylol, naphtalene anti anthracono, play the 
gn?fttvsi pan. 

3Ion' recently carhawd luta l»en iaokted from tar on a large sealfl 
anil has Im'Cihu© a most important raw material for the mttnufaclure 
Ilf tho color "liydronbluo" by I-Acpold Cassella & Co,, Frankfort on 
the JUiin- Hydronblue is s sulphur djeatuff dwlingiiished hy its fast¬ 
ness against washing and cldttrine. Acenaphthen, which aLso oceurs 
ill coal tivr as such, is the starting material of a nil vat dye “dhiinoji- 
nil," discoveriNl by tho Socii’ty of Chemical Industry in Basle. It Li 
to be regri*ttoil that hitherto no tcchukal use has lieen found for 
phonttiithrene, which Is also one of the oonslitueiiUi of tar. 

Bi^iiles carixiJic acid, its homologiica, the Tarious crcsols, etc., are 
being ewdatt'd hy Dr. F. Eamhig in [jiidwigshafen on the Rhino. 
Thcsi' substances are largtdy employed in the manufacture of explo- 
Eiiid coloring mat ten. 

M long as coal gas Is prwluoed for illuminafing and heating purposes 
and ns Itfiig as coke must be used for the reduction of iron ores, tar 
will ulwnvs renmiii the cheapest raw' material for the manufacture of 
these hydrocarbons. Rut since it may become necessary in the 
future—as is already possible to-<lay—to use coal in a mars rational 
way, at the same time producing hydrocarbom, the eoal-tnr color 
industry need not fear a scarcity of tliia important raw material, the 
h'ss so its certain fcinils of petroleum, e, g., Borneo petroleum, contain 
large quantities of aromatic hydrocarbons from which the Rheinische 
Beiixinwerke, in Reiahola near Dusseldorf, has already isolated 
tolueiu* in the form of nitro-toluene in a commercial way. If, how¬ 
ever, a still gn-ater demand for these hydrocarbonsslioulil occur, other 
tnathod-i of obtaining them must be found. We shall then surely 
succeed in producing them synthetically either directly Irom the 
elements rorbon and hydrogen or indirectly from carbide of catcium 
bv passbig acetylene througb glowuig tubes—a reaction wbtdi ivas 
airoiuty earned out successfully in tbe early sixties of the last century 
by Bert helot and recently by Richard lleyer. At the present time 
about i>ne-<iuarter of Gertnany's annual output of coal b ooftverted 
itiU* coke, viz, 20 per cant for foundry purposes and 4 pt'r cent in gas 
Wtirks, whilst in Elnglanil the q mm lilies arc 12 i>er cent and fi per 
cent, respi'^clively, 

DISTHJ,AT10X OF TAB. 

The point of greatest import ance in the distillation of tar is still the 
separntion and isolation, in the cheapest ]KKisib1e way, of the different 
hytlrocarbous in tbeir purest form. Tbo atilk have been continually 
enlarged, those‘ employed to-day having a capacity of 60,000 to 
80,(MX) litcre (13,000 to 17,500 gallons). On the other band, a con- 
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tin^touB prcwcsti) such ns in possible in this bituminous coni*'! nr jmiustry ^ 
hsis not jot been founti, A lurga number of putentts h&vo l«en taken 
out for upporntus intended to solve this problem, but none of them 
hnvo proved satiidactoiy in practite. 

ORUANIO INTHnUEDlATK FRODUCtS. 

The rotiversioii of tlio aromatic bydrocafbous into intermediate 
prodsii'ia necBSsm-j for the color industry is idmOsSt aIwaj^s carried out 
by treat men t with concent mied sulphuric and nitric twid and silbse- 
ciueni reduction of the thus obtained nitrocompound by mcttiis of 
metols, mctalouB o^ils, ami metal sulphides. In the production of 
amine!;, iron is the principal agent of reduction, while zinc and tin are 
mostly used in tlie production of azo compounds. The electmli-tic 
reduction has not proved useful for these proccjssos. 

The metlinds of producing nitro and amido compoundn have been 
very- little changed m far as chemical operationa are conccmcil, but 
with thoincrease of their production their poisoDoiis properties t^ame 
more and more apparent and forced the manufacturer to modify the 
processes bo tliat they could be carried out in tiglitly closed vessels in 
order to protei^t the life and health of tho workmen. 

In Germany legislation has been recently enacted, based on the 
exj»erience of the individual factories, which lays down rules and 
regulations for strict obsCHi'ance. 

Several trinitro compounds have been shown to be good eAploHives, 
and, like trinitrotoluene, are now largely employed as substitutes of 
picric aied in the manufacture of explorives. 

The introduction c)f oxy groups into tho molecule is mostly brought 
about by melting sulpho acids with alkalies, and, according to more 
recent methods, with a{kaline*earth metals, such as calcium and 
barium hydrate. Since ddorine, jiroduced electrolytically. Is obtain- 
abto in uuUmitvil quantitieii and chemically pure, cldorino substitution 
derivatives of tho hydrucarbons have been employed for all kinds of 
synthetical pur|joscH. Many of these cldorino derivatives can not only 
be eonverted into oxyHiorivatives by melting with alkalies, hut, like 
paraiutro^dilorbenzole, timy also directly e.tchango their chlorino for 
an amicto group when treated witli ammonia or its derivatives. Colors 
also often change their shade when a halogen atom is introduced into 
their molecule and acquire more valuable properties. Chlorine has 
theroforo proved exceedingly useful in tho preparation of intermediato 
products aiid will undoubtedly become of still greater service in tho 
future. 

In the naphthalene series the method discovered by Bucherer 
'and X^epetit for the convorsion of the hydroxyl group into tho 
amido group and vice versa, employing sulphurous acM esters, 
has proved of great pructioal value. Phosgene, too, is to-day 
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lieing nioro and more emjdnywL Sovcml ilccadrs (igf> it Ixtcnme 
Hi) important 8ub«itaticto for tJio production of the utwl c*f jmw- 
amidtiben«>lftzo- 5 <UicyIjc ncidj iutroducetl into the miu'ket tmder 
tho nomo of "cotton yellow,” as * beautiful yellow cotton color 
of groat fastness to li^t, lt*a prindpiil use, however, was for the 
mamifactiiro of tlic bri^t but fu<ptivQ triphenylmethane eolore. 
it is now especially used to combine two moloculos of Aromatic com¬ 
pounds with free ainido groups, tlius producing urea derivntiyos, 
and if tltc starting material is an azo color, tho resulting urea deriva¬ 
tive is, as H rule, much faster to light than the original color. Imi- 
dazolj thiazol, and azimido comi>ounda of tho most vurhul kinds arc 
also manufactured and converted uHo az<» colors. 

In tho scries of the sldehyrlcs and corbosylic acids there ara no 
epoch-making discoveries to bo rccordeti. (Iicimwts still start frcjm 
hydrocarbons chlorinated in tho side chniii or directly oxidize tlio 
hontologucs of Iwnzole. KIolss's synthesis of saiicylic acid, of which 
largo <[uptitica are uscfl in the color industry, is idso applied at an 
ever-increasing rate for the protJuction of the oxycarboxylio acids. 
But tho direct intTfaiuction of tho carlmxyUc group into tho Itenzolo 
molecnle, ijiunlistiiuted by hydroxyl, is a greatly desired aclikvo- 
ment, wliich, however, has not j’ot l>een attained. It is abo a matter 
of greatest importance that in sobstitution reactions of tho arivmntic 
nucleus wo should bo able to vaiy at will the ratio of tho isomots 
to l>c formed. 

Besidc«i tho hiochotnka! production of othylic alcohol from wr>od 
waste and from tho vii*asto liquors of the siilpluto celhdoso iiulustry* 
I tinsh to TOcntitju die synthesis of organic compounds by tho addi¬ 
tion of water to acetylnno. Itt lids nmnner wo pFocliico in a simplo 
way acetaldehyde, which can be easily cemverted into acetic acid, 
a ren' important starting inaternd for the maniifncitire of Tiuincroua 
products. 

Tho steady search for new row materials mid now intermediate 
products to be utilized in tho mannfacluro of coltjrs has often been 
crowned with siicccea. Wo nectl only to recall tho many intermo- 
cliato products which have been made availnblo for the prcaluction 
of the vAt dyew and sulphur colora and which Lave loti to tiio <lis- 
covety* of new sulietanccs with most viduablo ]»ropertics. Very often 
new lines of tvneurdi are not always basctl iipoii preconceived theo¬ 
retical ideas, hut aio opene«I up by mere accalciit. A keen poivcr of 
observation, hoAvevor, b tho most necessary equipment of the chembt 
who ainis nt siiccees. 

COA1+-TAR COLOaS. 

In no branch of technical chemistry has such intonse w'ork licon 
jierfomicd os in that of tho ctml-t ar cobr industry'. TIio outsider long 
atiSOO’—SM lal2-^17 
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Bga may have tLought that wo much hail fieeii accomplished in this 
Held that nothing more was left to he done. The count li?ss tlycatuffa, 
giviiig all the colors of tlw rainbow, might well have given rise to the 
helief that there wan already a Kur^jlua. But here ilio course of 
eronls was just as it generally In in life. With growing possessioim, 
man’s needs and demamla also multiplj', Wtiilc people were formerly 
content to produce with coal-tar colors every possible gliado in 
ondreamt-of hrightnesa In tlie simplest way, they grittluahy Iwgan to 
make more and more exacting demands us regards fastness. Not 
only must mtitcrmls to be dyed be a pleasing shade, hut tlicy also 
must be fast to washhig and tight. Thus new, alluring problems 
were Bubmitietl to the color chemist, andhtH indefatigable efforts have 
ttlreatly carried him a long way toward the desired end. Strange 
to Bay, tunotigst the ])ublic you will frequently moot the view tliut 
artiticial colors do not give fast dycUiga. Tliis is a decidctl error 
which can not be too emphatically contradicted. To-day we can 
produce almost any shade with any desired degree of fastness on any 
kind of material, whether it Ixi wool, cotton, silk, or paper’. If tho 
dyer docs not always protiucc such idiados it is tlie fault of the trade 
which does not express its demands forcibly enough. Of course, the 
dyeing with feat colors entails « some what greater exponso which 
must naturally Ire borne by the consumer. 

Just at this point, before discussing the progress mado in the 
manufacture of fast colors and in onler to prerent misunderstand¬ 
ing, I should lUto to empbasiw tlie fact that the old tiolors, though 
not es fast us ihoao more recently discovorod and though perha^is 
quite fugitive in same respocta, still have a right to exist. It would 
he quite foolish to dye certain kintia of paper intended to ho in 
use for only a very short time with i^olors absolutely fast to light, 
or to dyo doth never to be w^nohed with expensive colon, fuBt to 
washing, or, again, to treat lining, which is hut slightly exposed to 
sunlight, in the some way os materials which must he exceedingly 
fast to light, EtTirything according to reason. For many purposes, 
however, tho need for shades fast to light or to both light and wash¬ 
ing is so great that it must bo given overy tronaideration. Uow 
nmiti^ng it must Ih> to notice shortly after you have decorated the 
walls of your home with most beautiful and cxjjeriidve materiids, that 
tho lovely colors daily grow more unsightly, and to soe a Bolitaiy 
patch showing up to all its pristine glory amidst a faded background 
when a picture or otlier piece of furniture is moved to another place, 
A.S Lt w ptjsaiblo to guard oursdvts against such oocurrences, we 
should eertainly do so. To-day wo are able produce the moat 
beautiful color^ wall coverings, whether of paper or of woven or 
printed fabrics, to meet every requirement in regard to fastness. 
This is proved by the large collection of all kinds of wfjolen ami 
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catton fabrics <iif!or washiDR anti cjqHisurv to light i and rapceially 
of ttall papers, of carpets, rubber material, and balloon covenugs, 
TPhich the (lifferent firms nf the German color and dyeing mduatry 
have placed at ray disposal for exhibit ion. 

If you now inquire how chemists have been able to make aud) 
great progress, my only answer ia by logical and irniiimg efftirta 
along W’dl-known ways, undaunteti by failures, and by diligently fol¬ 
lowing any track, howovec faint, tbat gave promise of advance. 

In everv branch of the color industty these methods have led to 
fa-stcr and ever faster dyestuffs, from the multicolored bcMidine 
coloiH, described its fugitive to light and not stable to washing, to 
the anthraquinone colors and the bxdigoid vat dyes.^ In all thrao 
ctasscft wo have gradually learned to recognize certain regdorities 
and to accomplish certain results by systematicidly grouping tbe 
components and fixing the position of the substituting groups, and 
thus we have sucoeeded in Increasing the fastness to iij^it of the 
individual cbemied according to a preconceived plan. 

IKBlGOn^ COLf>R4s. 

The synthetic production of coloiu allicrl to indigo was stimulated 
by the succesaful sjtithesis of indigo wluch almost enlLrely displaced 
natural indigo and called tho attention of both chemists and consumer 
in an increaeod mcasuro to the advantages of vat dyeing. The king 
of dyestuffs, indigo, now finds itself in tho company of a whole serica 
of other colore, the brome indigos, tho thio indigos, and alizarine 
indigos, the shades ranging from blue to red, violet, gray, and biitek. 
Even the '‘purple'’ of the ancionta has been reproduced by Paid 
Friedlaender, who, by isolating the dyeing prioeipio found in certain 
glands of the purple snail living in the iletliterranean, iias demon¬ 
strated the fact that thia natural color is identical w ith a dibronl 
indigo which had been long before proilured syndioLienlly, Tli^ 
indigoid colore possess the same, if nut better, properties os indigo 
itself. 

ALSZABlNii OOIAJBS, 

The fa&lncss nf the alizarine colors, e, g., nlizaiine ter!, vlsefl lot 
Turkey tofl, was ivell known in ancient tunes. But, ■wliortniisfoTnioTly 
only nionlanl colors were ennsidcrod Lu bo fast, and con^uently 
only thesa were looked for in tho antliraqurtione group, which Iwl to 
the* dbcovCTj of alhtarlne orongo, brown, aral blu®, ami tho albuuino 
cyanines, Robert E. SchniuH, in 1894 to 1897, auccectlod in finding 
acid-dyeing anthraquinonp colora which dye every shade, rividiiig 
tlie old and well-known triphenylmethanrs in brightnera mid aira- 
plicity of application and tho nli7Jirio6 mordant colors in their exlra- 
firdbinry fastness to light. 3 merely mention oKzarine ryonino 
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green, Alizariiie«ky-blu4>, untilnicjiiiiioiio blue, and nliaarine sapphtmle, 
astTvi, irisul, and rubinol. Tlieir fastness to light is so CAcellont 
that in the famous ‘'Manufactnro Nationals du gobdirs’' in Parbj 
tliey haTO teplacetl the older clyratufTs for the flyoing of wool used 
in the njanufacturo of gobcliits. This metuts a groat deal if it bo 
home in mind that a squatn meter of theae gobdins, for the prodntv 
tion of which an operator needs more tlnm a year, costa, on the 
Hveri^u, flljout A,000 francs. 

isnAN’TiinENE Ai*n al(Xii.e ooLons. 

An entirely new era begun for the utkanno series when Bohn 
in loot found that, his new color, indanlhrene, could be used ns n 
Tilt dye for cotton. This color can bo dyed in its mluced state like 
Indigo, but is far superior to the latter in beauty ami brightness of 
shade, as well as in fastness to wnaliing anti light. Indeoil, tJio 
fastness to liglit fa so great in tlib tei|MJct it must h« tefrood 
indcotnictible. 

On account of thfa phenomenal fastness, indonthrenc blue emPrCil 
ehemfats to look for other vat colors in tlie nnlliraquinooe seriw. 
Tlieir riforts did not remain unrewurdod, imd we already possess 
colors of thfa class giving oveiy possible shade. Tha Badisclie Auilin 
and Sotla Fabrik aril them under the name of “indanthrene colors," 
the Forbenfftbriken vorm. Friedr. Bayer & Co. under the name 
“algnle etdots.” Chemically moet of thrao vat cohirs Iwlong to tho 
hidanthrene typo; liome of them are still more cttmpUnateil niicleor 
products of condenBailoQ of severid antliraquinone molecules; others, 
Again, rea ili- and Iri- anlliraqmnonylaniines. It must alwi 1« noted 
t lift I to the greatest surpriso of all experts in tlifa brauch, ll was tlfa- 
coveretl in the Inborntory of the Failienfabriken vorm, FriiHlr, Bayer 

Co., Ill at even aomo of iho aimplost aryl drrivativcii ('benxoyl) of 
the nminoanthraquinonrt* are excellent val colons, 

LASR WLOItS. 

We miiat not leave out of sight the iiiipsirtanco of some colore of 
the aniline group and (Ot^Myialiy llie iinthrnquinotio group fur tlie 
pnxiurtlon of lukos for painUi end |iigniant colors for wall paper. 
Tho alumina lake of aliznrino, the so>cjiIled madder lake, with its 
fino flliade and great fastneas to light, fa bast knutiTi. Other nli/jirine 
colom also ^drid valnable ulumina lakes; thus, aliuirino aapjiliirole 
give^i a bine lako of exreUent fastneis to %Iit. But it fa not always 
neceanary to precipiluto Inkre. Somo of the dilbcidtly jiduhlo viit 
colore may be dinadly cmployotl in a finely dividut form. Thus 
iodonthrene and olgole blue olreoily play imporlaat rOlcs ns aubsti- 
tutee for ultramarine for bluing higher dasa paper, toxtilea, and even 
sugar. 
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Thci Lhf till' robna^ ^hle fmm the tmrtnrial 

pn>grc 3 Sp brought alioiit remarkable rr^ulU in pure cherukfU re&cwtJi, 
for example, the peculiar aclion of bfiric acid and the cataJjrtie action 
of quicksilver in the aulphonatioD processua of aadirarfu inane. 

But in tbifl bmnrh of our arieaco as well them is stiU much mom 
for itevelopnicnt. Many probUims remam uiwolred and now ones are 
continuallj iLrising. To satirfy tlio demand of iho dyer tntuiy dyo- 
studs nmet still bo s^TithcLijted. 

The renAidesii efforts of llm color chenust wUI undoubtedly bring 
113 fiutlier and farliier along this road^ and eomplidnta about the 
insutbcient faslnesa of dyed materials w ill be *iilenced at last. If lids 
gi>td la to bo reacbodj it ia ubaolutoly necessary for the consumer to 
support the manufacturer^ md 1 take this opportunity to state that 
in the United Statm of America these faHi colors are ti>-day mom 
^ncmlly utuvl atid found lecognition and widL^pread application 
here earlier than in any other countrjv 

FuAltaiActin’iCAl* triiEMtarav, 

I will now deal wilh the progress end problenL^ of the pliarmaceu^ 
tied -Uiduiitry in the ^"tithetic production of medicinal dniga. This 
industry is the youngtfeU daughter of the coal-tar industry, and it h 
not long since she cekhraio<1 her twcnty-^fiftli anuiTemei^'. Ihoae 
who* liko myself^ hatl the good fortune to stand at her cmdle when 
Ludwig Knorr discovered antipjTiu and to guide her fimt tottering 
steps at the time phonacetin aiid sulphonal w^cm brought out mitai 
lotyk bai^ik with a ja>dul heart to thk potlod of splendid gcttw^lh* 
Much brilhant w'ork has l>eeu ai'complished, but a vast atnount still 
remains to be done. Here wo see clauxiistry ami medicine intiniatdy 
laiund together, the one depeudeut upon the other and pow'orless 
without Its aid. What lUi oigauizationj what boundless inteUigenoo 
is necessftrj'j and what immcfise energy luts to be ex|>ended in order 
lo dwcover u new synthetic remedy and to smooth its path through 
the obstacU^ of commerce! Fm^t, w e need a fully equipped chemical 
laboratory^ then a pliamtacologicd instiUite with a staff of nicJi 
tmini'd in medidne and cliemisLiy% an abiinilaiicaof animab to expor- 
imem upon, anil, finally—the latest devekipment in thin field—a 
c-hjemo-therapeutic and bacteriological department equipped accord¬ 
ing to thw icieas of Prof Elurlich, thiw in elfjse connect ton witli one 
another. Whatever has been evolved anti, after much painstaking 
eifoit, aeltx*tetl as useful finthi its way into the tnaoufaelttring depart- 
ment, there to be elaborated in tiw most minute details and brought 
to the highest possible pilch of perfection. Now begins the arduous 
work of the scientific |)epantiMTU. Here the right ajKinaora must b© 
found; here all prejudices must bo btttsheitl aside and an extensive 
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pmpaganda bitiated. h liost of ffliniclaus and ptacritioni»m 

must hi} called into requisition, so that what has been trt'olved in the 
silent wtifksJiop will he rondueted on n stanch ship into tho wide sea 
of publicity. And, finally, it is the calculating saleaman'e turn; 
he must bring in ejoough to cover all tho expeuaes of tho innumerable 
experiments that have been wade if the new drug, which has swsl- 
loa’cd aw much money, is to survive and prosper. Truly, all this is a 
task whit^h only too often is misundeiatood and uwufriciently appreei* 
atod. If, however, a great hit is made—an event almost as rare as 
the Greek calends—then the envious, the patent and trade-mark 
violator, and even the smuggler, cling to our heels and seek to rob us 
of our profits, irhich, iakhig everything into consideration, are really 
not large. But despite all this, and though unfortunately opposed 
bv druggists and physitianH even to-day, the phamiaectttical industry 
scriutely pursues its task. For, besides certain economic aims, w'c abo 
hove ideals to strive for. Wo combat systemadtraily the symptoms 
of disease and are the faithful auxiliaries both of the doctor and the 
harassed nuise. The agonizing, pains of the patient wo allay with 
narc'Ot ics and anestheiics. When Bleci> llees the couch of sutfering, 
we compel it to return; fever, wo banish. Wo disitroy the minuto 
otganbms w'hieh cause and spread diseases. Thus we ad«l to the 
store of what is valuahb and petfect what already exists. Wo 4ibo 
isolate tlie active principles of various drugs and thus assure exact 
dosage and freedom from ondcsirablo or even dimgerous by-cffw:is. 

In the chemical Avorfca of Germany pure chemical science receives 
its due. In eveiy branch of inorganic, organic, and physiolo^nl’ 
biological chemistry we are working with an army of stnentificaJly 
trained men. In synthetic chemistry, lirilliant achievements havo 
fallen to our share. Quite recently Stulz succeeded in huilcling U]) 
adrenalin,’ Decker in making hydrastinin, and Emil Fischer and 
Wilhelm Traitbe in producing purin bases. iUl of these are magnifU 
cent accomplishracnls, and many of them have been etfected in the 
luboratories of the industry. 

Thut cveu yet, as at the beginning—the antifobrtn period—^wo 
must trust to chance is shown by the discovoiy of atophan, the latest 
valuable anllarthritic, w'hich is due to a fortunato occidental observa¬ 
tion. In the s»bjcc.fc of the uld ergot problem, research work k 
gradually bringing more light and nmkes the possibility of syntheti¬ 
cally pr^ucing a substitute a thing of the near future, 'fho publi¬ 
cations on fhk subject shew that hemostatic alkaJoids possess a com- 
pamtively simple constitution. Tlmt sedatives have their place in 

i ] mib gUMlia^ b tfkl llii bu EEfidv tbi) mm? tif 

tajujucinJim- hy tlw tsahmkf ef ILshirt* n»qll£cn bf In itfOtluctUdu Uta iidnsiiid |i«ibtli 
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an BgB when naiToua diaoftiera ate so common U not to Imj wonderad 
at. I need mcrelv vaiaind yon of tlio now adiUin which hna proved 
excMdingly useful. RocenUy liUiiil Fischer, the msstcr of chemical 
research to whom tho pharmaceutic b 1 industiy is indebted for the 
svnthoUc purin hasea, vui, eaffein, theobrainme, and iheociiii na yvell 
as the valued remedissj veronal and sajodin, has succeeded, after long 
and fruitless labors, in elucidating tlio constiUiliou of tannin and 
producing it ajTithetically. Ha has thus proved that it ^ht be 
possible to monufacturo tanniiig agents of tdl kinds artificially end 
has opened up a new mid promkiiig field for research. 

t:!lESfOTJl£RAI*1f. 

But a short while ago Ehrlich drew attention to another prontyng 
hranch of phattouccutical-wedieol chemistn’, vbs, tho treatment of 
infectious diHOases hy chemical means. After many years’ arduous 
hihor and after many LbousonJ experiments on ditfarent animals thk 
master of medicino and dieinlstry succcedwl in demonstrating that it 
is possUdo to jnodiico chemical subalanc-es which will kill tho parasitoa 
in tho hnmnn body Without injuring their host and that this action 
is a function of the chemical constitution. The new science, with its 
mn^cftl bullets directctl only against tho injurious organisms in the 
body, hut not atfoeting its cells, pursued its course from aminopheuyl- 
orsime acid (uloxyl) to diominoosyarsenobenEolo (salvarsan). Thus 
tt new syntliotio prepariitiou, en arsenic compound, is added to tho old 
and higlily offcclivo i‘t'mcHiie3, mercury, quinine, and salicylic acid. 
It is coftalii tliat wo are hero only at the begintiing of a new develop- 
tueut. We know already lliat we are able to combat not only 
qilruchctes hut also bacterial diaesiacs like tuborculoais. Even 
corcuioma and aafcoma, tliosc growths so destructivo to humanity, 
whose causo is, however, not j'et understood, can probably bo infiu- 
cnawl in a like manner by means of sdeniuni eutnpotmds, as first 
pointed out hy EnvU Fischer. But were we to learn to cure diseases 
due trypanosomes and plasnuxUa, what a great work we ahouhi 
have accomplished in the interest of humanity and social economy, 
for U is in tho moat fruitful lands rndewl that these diseases, malaria 
amt sleeping sicku&iis, are to bo found, ami man and beast are ruth¬ 
lessly destroyed by them. Neither salvarsan nor atoxyl ara of 
sen'ice here, and therefore otJier hitherto unknown remedies must he 
found. 

^Vllile tho treatment of syphilis, with its terrible conaojiucnces, ia 
6till impi'rfect in spite of niercury aiut salvarsan, let us hope that tho 
system atio experiments carried out in tho taborotoiy with tho iii- 
nmuerable products wltich chemistry is able to produce from mercury 
and from ameniiu uiil iiualiy lead to complete success. 
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aVNTUETIf PBEt’l’ME:*. 

In tlie perfume indiislry the dpTeJopmenta iiiado since the went of 
tlie ’siolet was imitated with jonuii, and aince llio successful sjTitbeais 
of cajiiplior from turpentinei uro not of such naturo that wo need to 
deal 'witli tliom at great IcngtJi. The importanco of tiiia industry 
appears from its yoafiy turnover of 45 to 50 miliion marks (10 to 12 
million ciollais). Hcitb tlio ofTorbs of tUe chemista tiro directed toward 
dotemiiniiig the constitiition of tlie complex and simplw natural per* 
fumes, isolating tlio various products of dccompoaltion obtained dur¬ 
ing the investigation, and iinfllly reproducing the fuituruJ perfumes 
synthotiettlly. SucU results havo already been Mliievod in the «ise 
of tlio odor of tlio rose, lily of the valley, and violet. Very often 
eortaiit substances are tioeded m the compoundu^ of perfumea wliieli 
like indoio puisseai any tiling but a |deasaut mnelL 

ABTIflOian SILK. 

Even if doubt i>e expressed us to whether artificial silk (tlio yearly 
consumption of which muounts to about 7,000,QUO kilograms) still 
belongs to tho ohemicnl imlustry because it stands in such chwa rela¬ 
tion to the textdfl industry, with its ’weaving ami spinning Timchineia, 
yet the taw niatcriala ne^ed for its produetion, such us nitrooellu- 
iogp, coppor ammonia cellulose, and celluloso-xantogonate, arc of such 
impurtnnoo that tho chemist and engineer equally diride the reapon- 
sibility in this branch of manufacture. Viscose silk frun xantogenata 
uf cellulose, tho productioa of which has been recently very much 
impnts-ed, Boems to replace nitr^ascUulosa silk and the copper am- 
moiiui. silk. Thts 'riacoae silk siiq^assce all other artifioiLd silks in 
luster and is tho cheapest to manufacture, so that the apparently 
aimph'st ]}rncivts of all, tho copper lunmoina celluloeo silk, oan not 
coiri]ieta with it any more. Among the cxhibtta are fine Bpecimens 
of tbk silk from tho Verdhigton Glaruastofffnbrikon. of Elbarfidd and 
their factory in fHxjrbmch hi Dremmen ueup Alx-lurCbapcUe, includ¬ 
ing the various raw materials, wootl, ooUulose, alkali ceUidose, and the 
odlidcso xantogenatos protlucod by treatment with hisulphido of car¬ 
bon and tluj risrosci solution itself. 

ACETVLCKLLUIJCISE—CELLJT FILUS. 

hVau Acotylcellulose aoluhle in acoton, called cell it, the Farben- 
rnbrik«ivi>rm.Fricdr,Bayor& Go. first produced cmcmatograph films, 
but although tJiey havo tho groat advantage over those manufactured 
from nitrocellidoso in bring noniufloiiimablo, it has not been possible 
' to jistreducc thorn geuendly. In all their properties tho cclUt films 
are cfjUid "10 tho old inflammable ones, yet tho proprietors of moring- 
pictuns thi’atere do not take them up hocauso they foar tho compa- 
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tition Cif tbo sc-hoola tiiid tke bomo where tbo eellit filina would be 
largely used on accomit, of their nonmflimmmbUity. The only help 
then wttuld be such actaon by those in authority aa to make it diffi¬ 
cult to employ inflajumable fibna and to facilitate tbo use of oeltit 
films. Tliere are prospoots of such legislation at leaat in Germany, 
which wouid put an end to ciiieinalogniph fires mtli their great danger 
tu life and iimiwrty. 

JJOXlNKtJ^MMAJJLE CELLrLOm (CEUXiy). 

Tho problem of manufacturing noninilaiiiinahla cselluloid by mbC' 
ing ocUit with suitable camphor subatitutra which bum difficultly or 
nut at all may be consiilored as definitely solvod. EicheJigrOn has 
siniplifiod tho mamifactuio to an extraortlmaiy extent by slioiring 
lliat certain acetylcelluloses may bo golatituMd in the same way as 
nitrocelluloso. M is well tatown, ratrocelluloao with camphor in tlm 
presfmeo of a solvent yiidils a soHmlled solid solution, and even in 
the dried state may be easily cut or formed into sticks, tulx's, or 
tliroads. Cellit when tMflte<l in exactly tho same way ^dili appro- 
prieto camplwr substitutes, can bo converted into "collon,” tho non- 
inflammtvble substitute for colluLotd. Smgle blocks weighing 2M 
{wunds are already produced on a large scale which like coUuloid 
can bo sawed, out, and pulishod; when boatod can be preesud or Inmt; 
Bjid ivben subieeted to steam at a high tomporaturo can bo drawn 
and molded. Compared with celluloid, coUon has tho advantage of 
being more elastic, soft, and ductilo. It is therefore frequently uswl 
as a Buhatitiila fvtr Ivard rubber, gutta pesreha, leather, etc. Cellon, 
ui the from of a highly viscous, sirup-liko solution, may be employed 
for coating fabrics, wood, paper, mutai, otc., with a tliicb, eii^ol- 
liko miifomi and pliable surface. Thus, patont leather, artificial 
leather, insulators, balloon covets, etc., may be itroduoed. In P'rejwe 
(Jus varnish is already employed for enameling aeroplanes. Objects 
made of thw novel ant* widely useful material are to bo found among 
tho esliiblts being manufactured by tho Rhenusch-WestfiJischo 
Sprongstoff Actiim Gesellscliaft m Otdogne and tho boci^t^ Indus- 
trixffio de Colluloid in Poria. 

RtreBER. 

Finally, 1 will refer to one tjf tim greatost succesaos and yot ono of 
tho meat difficult prtibloma of tho ehoniical industry, vix, the pro¬ 
duction of synthetic rubber. 1 am preud of the fact that its pro¬ 
duction was HUccesafuUy acoomplisliod in the works which are undw 
my monagement, and that I was able to follow every stage of this 
imtwTtant diacovoiy. Perhaps you would bo interested to hoar, 
altUnngH it is ^tting lato. how the wholo thing happened, especially 
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jki muck tkut is u^ttuo wii iimli^ii.tliiig appiuireiL iu tkn pre^ 
during the last few wwks* 

Bub firsts Sp fow words iibout tiaturid nibbor. The Old WotIJ tjwofl 
its knowleilge of sub^taneo to thu Hiis wondcxful jiroduct 

became loiown m Europe shortly after Columbus iliscoverod ^Uiier- 
ica. If I, coming from acrc^ tko oC04iUi, iiow brhig you tlda coJloiil 
ppopfircd there synthet ically, I merely repay part of the debt wkitli 
wfl owo jVnifiTicfi, 

Hardly a genio-atiuu ago^ the iwirt of this groat Aniericiiii 

conlineut furjiisbed tho w hole supply of the diffiirout kitida of rubber. 
Since thou extensile phmtations of rubber trec^ have beau e^ablisbod 
in varium tropical countries^ anti tlioir yield Las grown so onomiously 
that the old liomo of wild rubber will soon bo thrust into the back¬ 
ground i This is a mutter which iiivolvisg muiiy uiiitjojis; conse- 
quently a verj’ serious economical problem confronts South America. 

You all know that caoutchouc is made ittmi tlio inilky sap of 
numerous Gi>ecie3 of trees and sliruli 53 and iho gri>te$qiioly formed 
lianas by various coagulation proco^es, and that tlus pToduct, on 
being eiutably treated ’^vith sulphur or sulphur compoumlsj L o.^ by 
vtilcanizatioUf acquirea its vuluublc and clmructcristic properties. 
Tho s^tbctic molhoil took quite a diff^srent niuto. By btcjiJdng up 
tho very coniideic molecuio ’which rublser doubth^ss iHJsse3st=!3, by 
pyroganotic proce^tta^ L by ilry dktlEiation^ a vciitablo maze of 
all Jdnde of giisos, oils, and rttdus vras obu^inmh fts well as a colorless 
Iluid resemblijig benzine, to wrhich the invedtigator^ gave tho name 
‘^isoiireno/^ It Tvas Bouchujilut who first expressed the boljef tlmt 
this isoprenop wliich is cibtuined in v^^ry small quantities and hi an 
impiiTO form by tho dry distiilation of caoutchouc^ might be eloselv 
and intimately rt!late<l tc^ caoutchouc itself. TMs important question 
w^ikd tbiui eagerly discussed for several decade's by the scienli^U of all 
couu triesj and apiiuons wero sharply ^ilvitlod. 

As fiir back 'us the eighties, TUden cLaimod to have prepared arti- 
fiehd rubber from isopreno by treatment with hj^lrochJork acid and 
nitrous acid. But noithcr Tddcn nor his assL^tants^ though thev 
’Worked stronmmsly for years, succeoded in ropoaiing the experb 
ments. Iforoovcr, numerous other invest gators, among them our 
ehc^mlsta^ were unable to confimi the results. In 1804 Tilden founds 
how'tivorj that that iBOprono w'hkh iio hujil prepared about 10 yearn 
bidore, on standings had pardally polymerktod into nibber. In tlik 
way Tilden, in fact, w'aa the first di^overer of synthetic rubber. But 
this method which thne hm not yet pormittod to repeat k obvioxiaiy 
not a commercial one. Dr. Fritss ilofmann of tho Farbenfabrikcxi 
vonu. Friotlr* Bayer & Co, k to hti regardoit os tho real inventor of 
synthetic rubber, for, by the appUcadon <d heat, ho suceeoded| as tho 
first, in August, 1900, in puI^Tncrizing the isciprtmo muleculca com- 
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pltitfily into tho complex mbbcr moleculo on u tochnical acdc. Some- 
M'ltnt Inter Uunios invontoii mdopondontly anothor niothuii of Arriv¬ 
ing at tho SAiDo mult. Bvaiyono b now in n position to ropoat tlib 
oxceeilingly siinplfl asporimant liiosolf, but in order to coufem Hof- 
Binnn’s results, it is ncciKsaTy to employ puro isoprono. 

The practical Vflluo of tliis mbbcr, of whieli many samples ttra 
lunoiK- the esliibits, hua been U-sted by the highest AUthondea m 
this branch of tbo iiiduati^', whilst Trof. Karl lliuiioa, whoso un^ 
iiiitUng laboia cxbmding ovor many ytmia, prepared the soil for 
llofmano’a Byntlit^sia, has carofuHy examined the chomioal oonstitu- 
tiuu of the BubetauGo. 

laoprrno belongB to the butadienes. It was thereforo to be 
assumwl at the start that botamothylbutodienfl would not kM a 
peculiar aud i&oktod poaitiou amongst tlie butadients in gciieraL 
It was argued that otht'r members of tbb interesting group of hyd^ 
carbons would j-icld umdogous and homob^us mbbeis on bi-mg 
Li tlio syiithesis uf pniducts occurring ifi nattiro, there is 
idwRjTs a posaibilitV of produdng such variations, and our eudeavora 
lo find out whether Uiis was true hi the case of rubber were crowned 
with fiucct'88, for to-dav several teprceeniatiTC's of the now class of 
cai>iitchou«J p«E*>S3iiig ililicrtmt pn-ptsrtbs aro knovm oiid oro 
submitted to Uadmit'ul U'ats. Exact pnKjf of the ejoEtenco of tho 
,.lnca uf isomeric and hymolygous caoutchoucs was also first preaeuted 


by Elberfcld. , 

"To you who hear this account and seo thest' beautiful specimens, 
the matter appears wry aknple, intelligible, and dear. In reality, 
however, it was not so. Tho difficulties which have bi^tt overeotno 
wera great indeed and Umac which stUl remaiu to be sunaountod, m 
oitlcr to produce a siilstancc equal to para caoutchouc in quality 
and capable fif competing with chwip plantation rubber cosUng oiily 
2 marks per kilo, are still grt^atcr. But such dtfficul(ji« do not in¬ 
timidate the chemist ujid miuiufactureri on the contrary, they spw 
Oioni on to furtiicr elTorta. The shmo is tolling, and wo will sec to it 
Uiat. it reachoH its deslinatbn. The end In liow is this, that ^i- 
ficial puhl>cr may soon play as important a r6le in tho markets of tm 
world as di.es natural rubber. Tho consumption of ruhk-r is aimEdy 
enormous. Finislicd articles to dw value of 3 miUiurd marto 
($750,000,0nfl)' are manufactuied every year, ond tno raw matcr^ 
from whidf they aits made, calculated at tho present market 
of 13 marks (S3) per kilo, coats I niiUhird marks (S250,0M,o0O). 
Other tasks which the chemist has on hand shrink into ins^dfi^oe 
compared ^%ith this gigantic prablem. The laurel wreath wiU not 
adorn Uic brow of tho wild dreamer but that of the Bcmutist who, 
cool and p«‘r&.'Vering, pursues hia way. The seed ho sows, ripens 
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slowly, and though ncrordiiig to tho BtAtonuHiits in tUi* jinss, xll this 
is moint child^3 pl^y imd tho pioblcni has iHron solved, I leave it to 
your iudginp-ni whether this is true or not, like much that printer's 
ink patiently transfers t« paper. 1 am right in tho midst of tiiis 
excitement. I have employed articles made of synthetic rubber, 
aiul for Homo time I have u«'d automobile tires mudo of this mate- 
risl. Yet, if you ask nie to answer ytm boni^tly and truly when 
Hyiilhetic nibbor w-iil bring tins millions wlut'h prophets Bt‘o in its 
e^qiloiUbiion, I must n>ply that I do nob know. Kurtdy not in the 
iminediuto fiitiu^, idllu^ugh synthetio rublx'r will certainly appear 
on the markiit in a vety short tirnu-. But 1 hope t<i live long eiuiugh 
to st^o art triumph alsft Iient over nature. 

We are now' at the end of our joumoy. Wo have flown not only 
over the field of Cmmiiuiy, but aL«b over all r»tiier countries where the 
chemical industry is cullivated. Wo have taken a iiassing gbmeo at 
tlie untiring striving for advimce, the restless search for the liiddmi 
and unknoam, the ct‘as<dess efforts to acquire more tecludcul>kiiuwl- 
edge as witiiessj^d in tho gn-at laboratoru^s and factorkis of our 
mighty mid ever-growing induatri'. Wo will now guklo our airship 
into the haven whoneo wo set out and land w'horo our cuw'orhers have 
guthemi from all tho countries of tho earth to recount whatever 
progress each has achieved, and to discuss, in public and private, the 
problcn^ which have innm solved and ihoao which still await adutioiu 

Tliisis tho purpose and aim of the congresses of appliinl chomistiy, 
and in this way tliey promnie clinxuly and indiix^i-tly the Ltterests of 
Oar industry. But they also aon‘e another purpose—fi> 6pn>nd far 
and whin knowleilgo of our great dewls. It is thus that tlicv impit>ss 
tho im^rtariee of our science and the arts founded on it‘upon tlm 
pul^c in general and especially upon those who have influence in 
Scaual oroffiiijal positions, so I hut our prrrfi'ssion may advance equally 
with others, and so that the iinpurt'aiioi .1 of the chemical imlustrv and 
of those eoumarbed with it fnmi an economic, hygienk:, and social 
Btandp4)int may b«*coJnu better and better known. 

That th« effulgent light of tliis knowlwlge will also be diffusetl by 
the Eighth InteniatkmalC'oiigrrasof Applied C’heniistiy is assured by 
the magnilietait oiganization which our friMuls, tli« Ameiicuii chem¬ 
ists, have provided, the aldllfuJ mnniier in which the aflair bus laam 
conducted, the Imspitablc n'ception which has been extended to ns, 
not only by our colleagues but by ihc people at large, and wliicli is 
still awaiting us in otir tours of inspi*atiou of the flourishing iiidusHy 
of America, in so numy respeete a model for others. For chemical 
scicRee and the chemical indbiatry the fuUowiiig words of f>chiller are 
beautifully d«ecriptivu: 

^OliJy tJie serious mind, undaunted by obstacles, cun hear the 
murmuring of tho luddcii spruig <if truth.” 


HOT.ES IN TITE ATR. 


By W-J. IfTrMnmKTfl^ Fh. B,, 

/Vo/tnof o/^ Mifi^oroia^pcaf tfftited Biaf^ IKtiJfAff BiiWKf TTfr^ftwr^foJii B. C- 


[With S pljilM.J 

T%o ljuckmg and balking:, the rearingp ptuiigingt <tTid other evi¬ 
dences of tbe mulish imtiire of the modem Pegasus soon inspired 
semi jockeys to mTent piehiresqtie terms dcscripti™ of their steeds 
and of the conditions under wMeh their bitirds were won or lost 
One of the best of these expressions, one that is very generally used and 
seems to be & permanent acquisitionp is "holt-5 in the nir*” Thera oref 
of course:, no holes in the ordinaiy sense of the terra in the atmosphere— 
no yoeuons regions—but the phrase holes in the is brief and 
elegantly expressive of the fact that oocflsionally at. various places in 
the atmiJ^hera there are conditions which, so far os Byhig is con¬ 
cerned, are mighty like unto holes. Such conditions are indeed real, 
and it is the pur[Hiae of this t>aper to point out what some of them 
are, ivhen and where they ora mij^t likely to oceurj and how best to 
avoid theni. 

Stipijose for a moment that there was a big hole in the atmospherej 
a place de%"oid of air and of all pressure. The surrounding air would 
rush in to fill this space with the velocity pertaining to free partieJes 
of the atraospherc at the prevailing tem|>oratnre; that is to sny, at 
the velocity of sound in air st the sozno temjjemture, and therefore 
at ordinary temperainres of about 1,100 foot per aec4>nil, or 750 miles 
per hour. Even, thereftire, if 5udi a hole existed, it would he impos¬ 
sible for on aeronaut to get into it—he could not catch tip with it. 

But, according to tlu^ diiims of some, if there are no coiuplele 
holes in the atmosphere there are, at any rale, places where the den¬ 
sity U much less than that of the surrounding air; bo much 
indeed that when an aeroplane runs into one of them it drops quite 
as though it WB3 in a ploco devoid of aU air and w^ithout Biipport of 
any kind. 

This, too, like the actual hole, ia a pure fiction that has no support 
in barometric records. Indeed, such a eoadition, as every scientific 
man knowa, couJd he estahliahed and maintained only by a gyration 

m 
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or whirl of the stcinfspliprt', such iliiit iho "wntTifugal force would 
be siifrielcnt to equnl the diffcPcnM in pressure, at tho same level, 
between the regions of high ond low density, 

Appropriato equations can he written to expresa the balujice 
between pressure pfradient and deflective fnree in any sort oF mndst 
and at any part of Orto world (it depends slighlly iipon latitude!. 
Therefore it is possible with certain conditioiia gireu to compute tho 
wind velocitv, or with other Ciuiditioiis given to compute the prea^ 
Burv gradient But- in the pruaent cose numerical calculations are 
not nocessary. We know that an ascent of half a mile, easily made 
by an aeroplane, produces roughly a 10 p<ir cent decrease in prmure, 
and we know too that a greater pressure diffcrtsitce than thli seldom 
esista even hotween center and drcumference of viokiit tomadoos. 
Hence a drop in (lensHy, or pressure, to which llio dotisity is liii^tly 
proportional, suHicient to cause an iicnjplane to fall, would require a 
tronadic wliurl of the most dcstnictive violciuje. Now tirere were no 
whirlwinds of importance in the air, certainly none that could Iw 
called tomatines, at the times and iilaccs where aeronauts have 
reported holes, and therefore even half holes, in the sense of places 
sufficiently vacuous Jo cause a fall, must also l>e discarded as unreal, 
if not impossible. 

Along with these two impossibles, tlic hole and the half hole, the 
vacuum and the half vacuum, should be consigned to oblivion that 
other picturesque fiction, the "pocket of noxioite gas." Probably 
no other gitsea, certainly verj- few, have at ordinary temperatur™ 
and pressures, the same density as alinoaphcric air. 'flierefom a 
pocket of foreign gas in the atmosphere would almost certainly cither 
Iwb up like a balloon, or sink like a stone in water; it could not iif>st 
in mid ah'. It is possible, of course, as wiJl Iks tliscus-scd a IHtlo later, 
to run into columns of rising air that may contain ohjcctiemiiblo gasea 
and odors, but these columns are quite diflerent from anything likoly 
to be suggested bj' the eipressioD "pockets of gas." 

The above are some of the things that, fortuivatoly alike for those 
who walk the earth and those w'bo ffy the air, do not exkL We will 
now consider pome of the Ihings that do exist and produce offocta 
Eiich in actual hohfs and half holes would produce—sudden drops 
and oecAsioTial ilisastroua fslU. 

ASUUAL fOl'KVAlXS. 

A moss of air rises or falht according »s its density is less or greater, 
respectively, than that of the surrounding atiiios])here, just as and 
for the same reason that a cork hobs up in water and a stone gtiea 
down. Ilenoe warn and therefore ex|>anded and light air is buoyed 
up whenever the surrounding air at the same level is ctdder; and as 
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the ntniMlilieK i» i"""'.* An"‘eh craWrt A* ' [ 

the wrth. which In (urn h«; b«n h««oa by .mahu,., .1 
lh« <«>»v«hion cur«n«, » vertienl npnwhe, .t *e ntmcphoc. 
ftpfi most numerous during warm rleiir weather. 

The turbulence of some of these rising columns is c^d^t fmm 
numerous rolls and hUlows of the large cumulus clouds 
aiul it is obirious that the same sort of tiirbulenee, prohablj on a 
Bmallor scale, oecum near the tops of those roluj^ that do not rii> 
r the 1ml UeL Further, it is quite pr^hle wh,m the 
eiceptionallv quiet, for a rising column to be raiher ^ 

rated from the eummndmg quie«:ent atuuto^ 
the closely adhering long columns of amohe ot^ciunoniillT seen to nso 

of ascflUl of such fountains of air is nt tunes surpn^ 
ingly great, Sfeasuremente on pilot balloons and 
taken hi manned balloons have shown vertical vclomti^. both up 
micl down, of ns much as 10 feet per second. The soonng oflargo 
binb is a further proof of an upward velocity of tho same order of 
magnitude, wliilo the fact that in cumulus clouds water JV^ 
Stones often are not only lemporanly siipporti^, hut 
to higher levels, shoe's that uprushes of 25 to 30 feet per second not 

“Sc”^,\henf^iiri foili^^ of considerable vertical vclod^ 

whose sides at times and places may he atoost ^ 
from the suiwuiuUng air as arc the sides of n fount am of waltr, mid 
h k alloerthor p»«We for A, .wiftwl ot th.« W ^,lu« M 
an aeroplane more or less dwmncerimg lo the pilot. Tb- tTOUh 

I On graring tho column, with one wing of the maclmc m the ns- 
mc and the other in the etationaiy mr; a condition that interfi^ 
with lateral elability and produces a sudden shock Imth on entering 

the coltiuin and on lea^Tiig it. , jj t - ■ « 

2. On plunging squarely into the column; thmsudd^ly iticrc.^ 
the angle of attack, the pressure on the wings, and tho angle of 

rf.™pUy meigin* trow, thr coloww.; tlwr*y « 

mdto. dern-MP u, rhe weIp ot .llwh «.d «l8o .bnipMy l™o8 II>p 

support ing force of the rising mass of air, , ,, ,, , 

That flying ivith one wing in the column and the other out nnist 

interfen^ *\ritli lateral stability and possibly cause a fall as * 

hole had lioen encounlored, is obvious, hut the effects of plunging 
squarely into or out of the column require n little further considcra- 

^ li‘t an aeroplane that is ffying horhcontally 

squarely into n rising column. Tho iroiit of the machine wiU bo 
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liftwl, oa it enlists (.he coluann, a little fastef than the mar, ami the 
anglo of ettaek. that is. the atvgle at which the wing U incliij.^ Ifl the 
horiznn. will be sligblly increased* Thb, togietber mtli ihd 
will rapidly carry ilie machine higher levels, wbkh, ef itseli, » not 
unportanL. If, however, the angle of attack is bo changed by 1 lo 
pDot AS to keep the machme, while in the rising colunm, at a constant 
level, and if, with lliis new adjiiatment, the lining eolunui is ahraptly 
left, a rapid descent must begin—tho half hde is met. But even tlm 
ia not necessarily harmful. Probably the real danger under such 
cmMJinstances nriaes from mer adfUftinniU by the aemnaut m his 
hasty attempt to correct for the abrupt changes. Such an adjust¬ 
ment might iroll cause a fall so sudden as strongly to suggrat an aclual 

hole in the air. . *» 

Kkiug columns of the nature just described occur moat firquonuy 
during clear summer days and over barren ground. Isolated bills, 
CBpecially ahorl or conied ones, should ho avowled during wium stilt 
days, for on sueU occasions their sides are certain to lie warmer than 
the adjacent atmosphere at the same level, and hence to act like so 
manv chimneys in producing updrafts. Rising air columns occur 
les-i frequently and are less vigorous over water und over level grt™ 
vegetation than else where. They are also less frequent during the 
early forenoon than in the hotter portion of the day, and practically 
absent before sunrisa and at such times as the sky b wholly covered 
With »:!loud£!* 


\ERl\U CATARACTS. 


There are two kinds of aerial catoracls, the froe-air cataract and the 
evrfucc cataract. The former is the countol^art of the aerial foun¬ 
tain and is most likely to occur nt the same lime. It is seldom rapid 
save b connection with thunderstorms, and such effect as it may 
have is exactly siniilar to, but in the oppi^ile cUroctioti from, that of 
the risiiig column. 

The second or surface cataract is caused by the flow of a dense or, 
what comiPa to tho same thing, a heavily laden surface layer of air 
up to and then over a precipice, much as a waterfall is fomied. Such 
eataracts aro mosi frequent among the barren nioiintains of high 
latiiudca where the surface wuwls catch up and become weighted 
with great quantiLioi of dry snow and, because of this extra weight, 
often rush doKcn the lee sides of steep mountains with the mar and 
the force of a hurricane. 

But the violdnco of Sfuch winds clearly is all on the lee eida and of 
shallow depth, and thercforo whero such conditions prevail the aero- 
naulahould keep well above the drifting snow or other aerial ballast, 
and, if poasilxic, strictly avoid any attempt to land within the cataract 
itself. 
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Plate 2. 
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Plate 3. 
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AeKlAl, CAflCAHM, 

Tho tena "aerint cascailo" may, with some prnpriaty, be appfietl 
to tbo »ijid fia, following sonicwbat closely the aiirfaeo eontemr, it. 

down to tho lee of a hill or moimtain. Ordinarily it does not 
come very near to the groiinit, whero mdeeed there frequently is a 
counter current, hut remuuis at a considerable elevation. Other 
thmgj; heing equal, it is always most pronciuntret] when the wind is at 
right angles to the direction of the riilgo ami when the mountain is 
rather high and steep. The swift downwarxi sv^'cep of the air wlien 
the wind is strong may curry the aeroplane witlt it and load observersi, 
if not the pilot, to fancy that another hole has been encountered, 
where, of coumo, there is nothing of tha kind. Indeed, BUch casendos 
should be entirely harmless so long as the aeronaut keeps his moebine 
well above the surface and therefore out of tbo treacherous eddies, 
presently to be iIIscusscnI, 

wis'n LArEoa. 

It is a eotmnon thing to see two or morn layers of elouds moving in 
different direetions and at different velocities. Judgment of both 
the aettial and llie relotivo velorities uf the cloild layers may Iwj badly 
ill orrfjf—tbo lower seems to be moving faster, and the higher slower, 
than is actually the case. Aceiimto moagiirementB, however, are 
possible and have often been made. 

These differonccs in direriion and velocity of the winrls arc not 
eonfinetl to cloud layets, nor even to ekiudy weather, as both pilot 
and manncil balloons have often shown. Occasionally balloons float 
for long intervals with a wind in the bnaket, showing that the top 
and ibe bottom of the balloon ofo in currents of different velocities. 
Another evidence of wind layers moving with different velociiioa is 
the waves or billows so often seen in a cloud layer, 

A beautiful example of the long, regular cloud waves produced by 
winds that have the same direction but different velocilira Ls shown 
in figure 1, plate 2, while figure 2, plate 2, shows an equally good 
example of irriE^ular or choppy waves produced by currenta that are 
more or less crossed. Both khids of waves may, anfl in fact often do, 
exist in close proximity to each other. Thus, for instance, the accom¬ 
panying figures on pinto 2 are, indoed, from adjacent portions of but a 
single negative, plate 1, taken hy Frof. A. J. Henrj-, of the rnitod 
States Weather Bureau, and kindly lent for those illuatmtiods. 

It w'as explained by iTelmholte as far back os lfiS9 that layers of 
sir differing in density are of frequent oecarrcTice, and that they ^ide, 
Bliorply dividttl and with hut little intermSngiing, the one over another, 
in much the same manner that air flows over water, and with the 
Bome general wave-producing effect. Theso air waves aro ^'secn** 
fisseo*—sw 1013 —IS 
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only whoa tho hiimtdity at the int«rfaoo is sych that thfl slight tliffer- 
onco ia tompiTatiirc botivooa tho orots and the troughs is sulhcient 
to keop the ooo (■bud-capped and tho rtthfr free from eomloiisation. 
In abort, the humidity condition must bo just right, and therefore, 
though such clouds are often seen, air IiUIowb must Ise of far more 
fmjuent uccnrronce. 


Consider now the effect on an iieropltme as it poseca from ono such 
layer into another. For the sake of illustration let the case be an 
extreme one. Let the propeller bo at rest and the tnachinc be muklitg 
H at might away glide to earth, and lot it suddenly pass into a lower 
layer of air inoving in tho same horixoniiJ direction us tho machiue 
and with tho same velocity. This, of (bourse, is an oxtretne case, hut 
it is by no means an imiiossiblo one. Instantly on entering tlio lower 
layer, under the conditions just describetl, all dynamical auppe^rt must 
ccaso, and with it ad power of guidanco. A fall, for «t. least a cotlsid- 
erahb distance, is absolutely iaeidtabb, tuid a disastrous ojio highly 
])rubahle. To ail intents and puqiofics a hole, a (terfect vacuum, has 
been run into. * ' 

The rDusoii for tho fail will bo unrbrstood when it is recalled 
lliat, for all ordluaiy velocities, wind pressure ia very nearly propor¬ 
tional to the square of the vclociiy «f the wind with nsipect to the 
thing against which it is pressing. Hence, for a given incluiation of 
tho vings, tho lift on an acropluno k approximately pnqHirtiozuil to 
the s(|uare of tho velocity of Lite macliine with refomnee, nof to the 
ground, hut to tho oir in which it imjjjxms to ho al the instant under 
^nsideratiuj). If then it glides, with projuJIcrs at res I, into oir that 
U moving in the same horizontal diroetion and with the same velocity 
it is in i!.xacay tho condition it would bo if dropped from tho lop of a 
moiiumeiit in stiU air, it mmsl inevitably faU to ruin, unless, indeed 
rare skin in halancing, or, possibly, more chanco aliould hrmg’ahout J 
new glide after additional velocity ha-t bcenacquirod os tho rostill of a 
considemblc fall. War])uig of wings, turning of ailerons, dipping and 
twisting of rtiddcra, and oU ihe other dovicos of this tiaturp woidd bo 
utterly useless at first, totaUy without effect so long a.s wind and 
machine have the same velocity, for, as iilreo.ly explained there 
would bo no pr^uro on thorn in any imsition, and conseq'uontly 
notlimg that could bo done with them would at limt have any cffoct 
on the behavior of the machine, I lim ovor, as staled above a skillful 
pilot may ^uro a now glide with u properly constructod mochino and 
finally, if Ingli enough, make a safe loniling. * ’ 

Of couree, such an extreme case must ho of rare occutnmeo bni. 
cases less extreme are met with froqui-ntly. On passing into a' cur 
rent where the velocity of the wind is more noariy that of tho aert 
plane, and in tho same direction, more or loss of the supporting force 
IS matantly lost, atul a corrosimndiiig drop or divo bcoomos at oneg 
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ineWtttlile. OrditittHiy; how<j%'<?r, this is a mutter r>f smAll rpmNs- 
f|Ui^ti^o, for the nww speed neee^rj" to support the jniichino h soon 
capfu^iiilly if fcliij oitgitiG in full operution. Occnsion^lyt 
though^ tbo losjas in Hiipport may bo lai^ and oc^sur but h short dis* 
tanro abov6 the ground^ and tlterrforD be dis tine Uy dangerous. 

If the new wind layer against iirnl not with tJie machine, an 
inrreiisc!i insteail of a decrease in iho austainuig force is tlie rcHult, 
and but littlo occurs beyond a mere change in t|io horizontal apoeil 
with Tcfcrenre to the grouiidj anti ii slowing up of the rat<^ of tlescenti 

AH the above dbcassion of the elfect of wind layers on aeroplanes 
is on the asaumpLion that they Ilow' in parallel dirt^^tieos. Ordi* 
narilYf hoTYovorr they flow mure or less across each otUer, as indicated 
by figure 2, anil therefouR^ as a rule^ the aeronaut on passing out of 
one of them, into the other has to contend with more than a discon- 
cA^rtingly abrupt change in the supporting farce. That- is to say, on 
crossing the interface between w'uid slicets, in addition U> sufFering 
a partial loss of support, he usually has to contend witli tho turmoil 
of a choppy aerial in which his equUibrium is by no moans 
eecure—in ivhirti holesseem to abounrj eYcrywhere, 

Wiii<i sheetis^ wdthin ordinar^^ flying icvels, are nuist fretjuent diir^ 
ing Weather changesp espwdally as line weather is giving w'uy to 
stormy. This, then, k a lime to bo on oiie'ji guard against the moat 
flangerous of idl 'Miolett iii the air,'^ oven to the extent, of making test 
miundings for them with sruall pilot ImiIIchijus- It is also w'ell to avokl 
maldng great changes in tdtitudo, since wind sheetSj of wliatever 
intensity^ remain roughly parallel tii the surface of the earth, and the 
greater ilie ehauge in altitude the greater tlio risk of running into a 
treacherous ^'holoJ' AJsO| Icat there might he a wind ,aheet near I he 
surface* and for other good reasons, laudings ±»liould be made^ il 
possible, Bquarclr in the fiwo of the »urfacc wind* 

WT?rD BILLOW'S. 

It was stated above that when one layer of air runs over another 
of different density billows are set up betwoon them, aa illustrated 
by the cloud pictures. Of courscp as already explained, the w amiog 
clouds are comparatively seldom present, and thnneforo even the cau¬ 
tious aeronaut maji with no evidence of danger before hinii take 
the very level of the billows themselves, and before getting safely 
above or below iliem encounter one nr more sudden changes in wind 
velocity and direciioii due, in part, to the eddy-like or rolling Tnotion 
witiiin the billows, with ch^ces in each case of being suddenly de¬ 
prived of a large portion of the requisite sustaining force—of encoim- 
terkig a **hole in the air,” There may be perfect safety in either 
layer, but, unless hcadefi just right, there neces^uirily is some risk in 
going from one to the othert and therelorei idnce flying at the billow 
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lovpl vroiiW niic'CtFSBitfci^ frequent tranfiLtiotia pf ihh dut^genni!! nature, 
it .should be Hlrictly Avoidwi. 

WIND OUSTS. 

Xear the fliirTaee of the oairth the wmd k in a turxnoil^ 

OT^-ing to frietion imd to obstacles of all kinds that interfere with tlie 
free lU>w (if the lower layers of the iit*iii>sphero and thereby allow the 
next higlieT layers to plunge forft'ard in iiroguliir swirls^ and gusts, 
mill all sorts of im^ilar velocities and in every wliirli direction. 
Indeed ^ the actual velocity of the vrind near the surface of the earth 
often and abruptly vaires from siseond to second by^ more than the 
fuU average value p and the greater the average velocity, the greater, 
in approx unatch" the same ratio, are the irregulariiies or difforennes 
in the suceessivo momentaiy velocities^ as is well alniwn hy prt^kiure 
t\khe trar«4, of wliich plate 3, figure 1 ^ copied frem lieports and ilemo- 
mndap No. 9 (1909)^ of the British Ad™iiry Cojujuitt^o for Aero¬ 
nautics p b a fine example, 

dearly in such win if at all violnat^ the support to an aemplaiie 
will he corrospoTidingly erratic and vary between such wide limits 
that the aeronaul will find himself in a veritahlo nest of **holes” out 
of which it h difficult to rise and dangorous to try. ITowovcr, as the 
tiiriiioil due to hnrkontjil winda mpkiiy diicreases with mvmaso of 
elevation, and eis the aenmaut's safety depends upon stea^ly enndi- 
tions^ or upon I he velEichy of his miwhiue with reference the aimna- 
phere and not with reference to the ground, it is obvious that the 
windier it is the higher in genorij he .should fly. 

WIND ElDDim. 

Eddies and whirls exist in eveiy streiuii of water, from tin}' rills to 
the great rivers and even the ocean currents, wherever the banks aro 
such a^ greatly to change the direction of flow and wherever there is a 
ptH^ket of considoruhln deptli and extent on either aide, SimikT 
eddies, but witJi horizonral instead of vertical axes, (wcur at the Iwt- 
toms of streams where they flow over ledges that produw abrupt 
clianges in the Weis of the IwIb* 

The Liiertm of the stream of water, its tendency to keep ou in the 
direi'tion it is actually moving and with unchangi^ vckxiity, together 
mth its viscosity, nwiesaiiate these whiria with whir 1 1 nearly all are 
familiAT^ Similarly* and for the same general reasons, horimntal 
eddies occur in the atmosphere, and the stronger the wind the more 
rapid the rotation of the eddy. Tboy are most pronesunced on iho 
lee Hides of ciitn, clilla, and st^p nimintaiiL^, but occur abo, to a W 
exienlf on the windward sides of such places. In oilier woitia tlie 
general diairibiitiou and direcUon of the wind currenU on the aidea 
of and above tai^e ohstructions are somewhat as schenuitically 
reprisieiited in |iJate 3^ figure 2. 
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The uir at the lop mid bottom of these whirls h movinji; in ilia- 
jnetrit'iilly opposite directloiiii^ at the top with the winch at the bot¬ 
tom against itp mid aiiu-e tliey lu-o doso to tlio eurlli dity may therefore^ 
m ejcplaintHi xmdor *'Triiid layerap"' he tlie source of decided danger 
to fiero[iatit:S. Tliere may be danger nho at the forward side of the 
eddy where the downwanl motion greatest. 

When the wind Ls blowitig strongly Iniidings should not bo madsp if 
at all avoidable^ on the lee allies of Riid close to staop mountaina, hiUs^ 
hlulTsp or OTon largo buildings; for the^ am the favorito haunts^ as 
just explainedp of treacliorous ''holes in the air,” The whirl is liest 
avoided by limdiag in an open place some distance from bluffs and 
huge obstructions p orp if the olig true don is a liill, on the top of the loll 
itself. If, however, a laiuliiig to one side is necessary and the aero¬ 
naut has choice of sitlos, he shouldp other tilings being e<|ucd, take the 
windward and not the he side- hlnally, if a landing idose in the lee 
side hi compulsory he should, if possible, head 4dong the lull, and not 
toward or from it; along the axis of the oildy and not across it. xSucli 
a landing* would be safe, unless roada hi the down draft, mice it 
would keep the machine in wUnls of nearly constant (aordi) velocity 
with refereiico to Its ilirvoUon, whatever tlie side drift, provider! tho 
hxU was of utiifomi height and dope and free from irregularities. 
Blit as liilk seldom fulfill these conditions lee side lauiiiogs of all 
kimls shoulcl bo avoided. 

AJREIAL TOHaE?rrS, 

Juat as water torrents are due to drainage down steep Hlopos,eo, too, 
aerial tommts owe their origlit to drainage do^ft^i steep mirrow vaUr)'fi, 
Whenever the surface of the earth begins to cool through radiation or 
otherwise the air in contact with it becomes tofrespondiiigly chilled 
and, bocauso of iis increased density, flows away to the lowest levcL 
Hence of drar still nights there h certain to he air liraUiage ilown 
alnu>st any stec^p valley. ’When siiwral audi vaUein run intn a com-- 
mon one, like so mnxiy tributaries to a river, and especially wlien the 
upi>er reacht3» couttdn anow* and the wliolr section is devoid of forest^ 
the aerial river b likely to become torrential in natum along Uio 
lower readies of tlie drainage chimni^L 

A liying madiino attempting to land in the mouth of sudi a vtdley 
after the iiir dmimige k well begun is in ilanger uf going from rela¬ 
tively quiot air into an atinutipliere that is moving wdtli considerable 
velocity—at limes amonuting almost to a gde. If une must land at 
Hucli a place lie dioold licml up the vdiey mo tis to faco tlic» wind* 11 
he heails down the vtJIey and therefore runs with the wind lie will, 
on passing into tlie swift airp lose ]m support p or much uf itp for rea- 
Bons already explah^ted, and full as ihuugli he had suddenly gotten 
into an actual "hole m the air.” 
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ASaiAL BA£AKI?R4:f. 

Ttie term ‘'fteml breftkem" id u^d here in analogy wttU water 
breakers fia a general niin>e iov the rollings ilaalung atid cli&ppy winds 
that accompany thunderstornt conditio ns. They often am of such 
violence, up, dovni, and sideways m any and every direction that on 
aeroplane in their gruap is likely to have as uncontrolled and disas¬ 
trous a landing as would be the c-uso in an actual hole of tlie w'orst kind. 

Fartunatcly aerial breakers usually give abundaiit and noisy 
wamiitgB^ and hence the cautious uemnaut nectl s^ddom he, and, as a 
nmttcr of fact seldom is catight in m tlatigeroua a situation. ITow- 
ever, mom tliau one dka&ter h attributable to just sudt winds ita 
these—^to aerial breakers, 

CLASeiFiCATtfJN. 

The above nine types of atmospliortc oouditlona may conveniently 
be JivkSed into two groups with respect to the method by which they 
force an aeroplane to drop. 

L Tht^ tvrficol group .—All tliose conditions of the atmosphere^ 
such oa aerial fountains, cataracts, cascadips, breakers, and eddiea 
(ffirward side), that, in aplie of full speed ahead with refensnee to the 
«j>, make it difficult or impc^ihlc for an aeronaut to nmintam lik 
levels iMdong to a cotnnion claas and iJc|KUid for their effect upon u 
vertical component, up or dowiit ill the motion of the atmosphere 
itself. Whenever the aeronaut, without dnmgo of the angle of attack 
and with a full^'hul in his fat^, fitiihi his machine rapidly sinking^ he 
may bo sure ihni ho haa rim into somo sort of a down ciirrcnt. Ordi- 
narily^ however, assuming that he is net in the gro^p of storin break¬ 
ers, tlife com! It ion, bad aa it may Beem, is of but little danger. Tho 
w*hid can not blow into the gnumd and therefore any down current, 
however vigorotis, must somewlieite become i\ horizontiil current, in 
whiirh the neromiut may sail away or hind ns he chooses. 

2, Thf honzoni^d group—Tim group incluiles all those atnio^ 
pheric couditioiis—wind layerF^ hilhiws, edflioe (central portion), 
tomuus and the like—tJiat, in spite of full speed aliead wdth refer¬ 
ence to tlio ground^ abruptly ileprive an actoplone of a portion at 
leant of its ilynaJnical support. When this Utm of support, tine to 
a running of the wind more or letss with the machine, is small and the 
tlevation suffieicnt ther& is but Hitle danger, hut, on the other hand* 
when the loss is telatively large, especiflUy if near the grouml, the 
chance of a full is coircspoiiflitigly great. 

m 

coNcuusioira. 

1. Ttults iJi tlio iiir, in the Bcnst of vucuoiis regions, Jo not oxat. 

2. ConiUtions in tlio ntmospliere faTomblo to precipitoua fiJls, 

sncti iw woulil hiippsn in holes, Jo tixiat, m followsi: " 
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(f|V «^EtIt1UiLL Rttnur. 

1. Aerial fi^untaim.—Vprmhvs of k\t, mc^Bt wum^'rnQs Junrig warm 

ckar and ovi'r barren fioil, especially above conical biUs, are 

disconcerting and dangerous to the novicep but do not greatly iltfiturb 
an experienced avirtton 

2. ilfrioZ of the free air, like the uprushes 

with wbich they are ji^aeiated in a vertical circulation, though lis® 
violent, must aUso most frequent do ring warm weather when the 
ground Ls strongly heated. TTiey, too, however annoying to the 
beginner^ should not be dangerous to the experienced man, because 
even when strong enough to cany Uie machine do\ra for a Jbtancse 
their dcseont necessarily hcwimxsa slower and their chief velocity 
horizontal before the surface h reached. Downrusht^ t^f weighted 
air over preeipiceSp analogon!^ to waterfalki most be strictly avoided. 

IL Atrial Tbe lower ^ind, in following as it must .surface 

contours, sweeps down to the leew^ard of hiUs and mountains in 
cascade*Iike folki and the stronger the wind the more rapid the 
cascades^ But they are of no danger to the aeronaut so lung oh he 
take^ the pr^'caution to keep above the eddies and otiier snrfaco 
disturbances. 

4, A^rhtl brtaJeers ,—The choppy^ breaker-likc wintk of thunder- 
storms tlmt surge up tmd flown ami in all sorts of directions are os 
much to be avoided by aerial craft as are ocean breakers by wafer 
ernrt. Hence a fJigivt should positively not bo attempteiJ under 
any such circumstances, 

5- Wind tddtr.% (forward «iJe).”The air on the forward side of a 
strong eddy hosj u rapid downw’ard motion and therefore should bo 
fVvoidciL If caught in the down enrrent of an eddy the iicroiniut 
should head lengthwise of the hill or mountain to which the eddy is 
due. Bv heading away from the mountain he might, to Ije sunj, 
get entirely out of the whirl, hut the chiincc's arc just, os great that 
instead of getting out he would only get the deeper in imd thus 
encounter ilowTiward currents swifter and still more dongarous than 
those he Imcl sought to sdmn. 

(.1) voorzoifTAJ. oaooFfl, 

1. Wind hyrr^^—Tha atmosphere k often made up of two or more 
superimposetJ layers moving each with its own velocity and dircoiion. 
Such a condiibn ia a source of danger b> the aeronaut because transi¬ 
tion from ono of these layers to another more nearly coLocident in 
lUrection ami velocity with hk aeroplane is certain tci result in at 
liuist a sudiicn decrease in the magnitude of ita supporting pressure 
fUn] in the effectiveness of the balancing detdcca. Under certtdii 
isxtrcme concUtioiis tins transition, even when the wimbi are juLralleL 
k well nigh inevitably disastronsp When the livyera move mi^re or 
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less Acrxisa eucli oTlier^ they hsuaUj iU>t Hib turmoil u! the lusult^ 
ing short und choppy billoT^ra, by rcmleiriiig equilibrium difRcuit^ add 
au additional ilanger nil tlieir own. 

Dangerous wind Liyera are most frcqui'.nt nt Hying levels during 
the transiiion of fair to foul wealiier. 

Wind k'Zfouw.—^^'uid waves imalogous to water warp$ are set 
up ut the mterfuea between two layers tluit are moving wHb different 
veliwilies. If both layers are moving in the same direction, the results 
ing waves are long and regular; if in different directions, they are 
fibort and eboppj. Tberefure^ other things being equals it obviously 
is advisable to keep within the lower layer^ or at least to get away 
from the biUoTAT interface,, eitber above or below, and to avoid cross¬ 
ing it oftencr than is absolutelj' nectary* 

3. Wind gusis. —The hori&outal velocity of the wind near the 
surface of the earth is cjccecdingly Irregular and fluctuates from 
eecunil to second at times by os much as the whole of the average 
velocity- In such a windt if at all ^swift, the support to an aem- 
plane is exceedingly erratic and both its launching and ita'lunsling 
full of <1 anger. 

Obviou-sly^ loo, the &tn;>riger the wind the higher, because of tbese 
surface ^i^turbanoo^, one should fly, if at alL 

4. Wijul eddiiJt (crii/mZ perhori). — ^Etldies, or borizoritid ruUs in the 
alninfiphere, arc found on both the windward and lt3e sides, especially 
the latter, of c liifa and steep bilk and mountains. When the wind 
is Htmng a landing idiould not be attempted in any such place* If 
forced to land in a place of this klnd^ the maiihiue should be headed 
along and nut at right angles to the direction of the hill. 

h. jlerial t&rrcnis . — Steep barren valleys, especially' of dear still 
nights and w'hcn the upper reaches are snow cuverud, are the beds uf 
aerial drainage rivoiw that at limes amount to veritable torrents. 
Therefore, however quiet the upper aLtufiisphere and however smooth 
its sailing, it w'uukl be eslremely dangerutia to at tempt ty land an 
iieaiplaiie at such a place and such a tmie^ 

SOTK* 

All the aliove suurci^ of danger, whether near the ourfsc# like 
the hrenkera, the torrents* anil the eddies, or well up like the billow^a 
anti the wind sheets, are and less dfeotivo aa the uf the 

ueroplatic is increasetL But thb dues not mean iimi the swifie^t 
marhine tieccssarUy U the safest; there are numeitjus other faetum 
to he witisidered, and the pitdilcm of minimum danger or maximum 
safety, if the aeronaut insists, oan ijidy W sirilvetl by a projjer com- 
bination of theory and practice, of sound rMOSuiiing iiud intclligeui 
«»tperimc n t a i ion . 


REVIEW OF APPLIED JfECHANICS.' 


By L, LKC<kns4tJ^ 

M^brrpfihA Intptftor Gfnmi oj Mtnmt fm/wjr at T Fo^^iTfl^nfpw^ 


Tho doniAin of applied mecbAnies is great. The tin tuber of puln 
ticalLunft dovotofl to lit In Europe a3 we!) os in Amerii-a, forms an 
immense bibliography. I can not analyze here even briefly this 
mass of material. I shall limit myseJf^ ns in former years Cl903| 

1905* and 1909), to deHeribiiig a few tsf the ttiufi! interesting results. 

% 

J. STEAM APPAIUTUS, 

Lcprinee-Ringuet publishivl in the Revue de M^canique (1911) a . 
research upon the transmission of heat between a flnk] in rnDverpent 
and a metallic surface. After examining various theories anil expcri- 
ments upon the subject he found that when a gas flows tjirpogh a 
tube the quantity of heat transmitted per hour per f^quare meter 
cflii be given by the expression B(CVp)*t where. B is the coefBeient 
of transmission^ varjnng inversely as the 0,13 power of the length 
of the tube; Ohs. coelFieient incrciising proportiunately mth the 
temperaluro; V the velw'ity of the gas in meters; p the weight of a 
cubic meter of the gas in kilograms; and n is an exponent which 
depends upon the relation of the rros^ section to the perimeter. 
For a circular tube of the diAmeter d it is practically 

1 4-lBd 
"“i +aii3 

The coefficients B and Ctstj only sliglitly from one liquid to another. 

Tlie author concludes that the exchange of heat can be consider* 
ably increased by increasing the fl«w\ iJie etJdies* and the ratio of the 
perimeter to the emas section. It is aUo advantageousp whenever 
possible^ to promote Che condensation upon the metallic surfaces. 

Bone developeil the idea of fljiplying to the heating of steam 
boilers a process suggcstctl by an old inycniion of Lude^ wbicli con^ 
sisteil in injecting through a conlrivance formed uf porous surfaces 
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or moss of tidvmiQXy fragineniJi ji ndxture of air and gaa in the pro¬ 
portion to ii 5 ESuro perfect comhuslion nnd which mn^t bo dlschaj^'d 
fast enough to prevent tho Hatnci “ulrikiug back.” The gm is ignited 
as flows out of tliis coiiLrivanco. 

In tlio ordinmy Bons heater, ha$ed upon this principlcp the ordi- 
narj" boiler tubes are rep!aciinl with onas filled with pebbles, Tho 
CODjbus lion takes place mthin the first 150 mill Lraetors of tho tubes 
and the burnt gases roiso the pebbles to ineaiidescetieo^ Tho 
exporinienta made at Yorkshiro gave eneouniglug results. Tho 
exporiniental heater proved very active and easy to regulate. 

I i^TOtc at considerable lenglli in tho Roviow for 1900 on iho suli- 
jeet of superheaters. The idea of superheating steam in order to 
nvoid harmful coruknsationK appears to have originated with a 
mechfluiciflii of Stmaburg named BcK^ker^ who in 1827 obtained 
a patent for that purposoj and it is rather remarkablo that siiiico 
then it has bc^n in Alsace, where the j^ractieal realization of super¬ 
heating has taken placo^ It wsa at Logelhaeb that Him, in his 
famous experimcnisii made with two engines of more than IM 
horsepowerp show€<l that economics of moro than 29 to 25 per cent 
could be obtained by superheating less than 100*^ Schwocrer, for 
' a long while sdcretoiy to lEm, has rontimied the researchL-^s of his 
former mnsler and triumphed over iho dilljculLlea witich retarded 
the practical application of superheating. In 1904 he annoimced at 
tho Soeifitfi d^Eucouragement pour Flndustrio nationals that during 
the last !□ ycani ho luul built moro than 5,QOQ superheaters of his 
design and still continued with the same eucceos. Sehwoerar's 
apparatus consists of a set of very thick, straight tube^f about 8 
meters loegi with exterior fransverse thickoulngs and langitmlinal 
interior rib$, a^cmblod in a semicircular franio* Its weight is alx>ui 
300 kilograms per meter. The device is oometinn:^ med horienn tally, 
sometimos vertically* The great mass of metal serves as a reaer^-oir 
of lieat. 

Davano, m a memoir pabMictl in Uie BidlcLm du Congr&s inters 
national des Cheiums de for (1909), told of the employment of 
superlicatmg in locotuntivcs and gave mauy interesting data. The 
ioUowing are a few uf Ins coudusious; Tho economy is inapprcciahio 
for a ^perheating of SO'* to 40®. Tho temperature of tho ^uporiieated 
vajior must not bo raised aliove 350*, Under such conditions 
oconomira reaclung from 20 to 22 per cent may ha obtain ccL Tho 
saw-tooth profile of the roads {tiint is, frequent changes from up to 
down grade), the many and prolonged stopo at ^stations, are very 
unfayomblo to tlie use of snperlieatmg on locomotives. Tho increase 
ijf power is obtained only on ceriain lines. The great superheating 
neeciishata5 the proper protection of tho oylmdero ami the distributing 
^^sLom as well m special lubrication with nib suitably chosen. 
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The lli*\'iew of 1905 tnentionwJ the instBlIatwit lu Algeria of 
Robert lt>comotives, 'where, in place of tlio (mlituiry tribcti plunged 
in water and through which the fluiues pass, the water paaacti through 
tubca plunged in the flaines. Tlda type of looomotivfr boiler socim 
m^pecifJIv suited for service ■wluiro water of bad quality must ho Uiied 
or with Very high pressures. The Compfignie on Nord sjont in the 
exposition at Brussek a locomotive with water tubes of the type 
called “Atlantic/' rated at 18 kilogrtuiw; they n^ted that in order to 
have a good water circulntion it was nei'tsasiiry to have toositlepibly 
greater vaporbeation per W|uare meter of surface than with ordinary 
lo^ornotivci^. 

Steam turbiaDS, oT which I fipnke in detail in iJm 1903 and 1909 
receiTO more aud niniie cxtondctl (LpphcaticJiiit+ The Xorth 
British Locomotive Co., of Glasgow, has constructed a turbine loctj^ 
motive. Tire turbine used ia of the “impulsion" lypcj tliat is, it 
receives the steam after complete ilpientioiis, Tliis turhme, with 
8.00(1 revoluiiuns per ininute, drivoa a continuouiniurrcnt dynamo 
which hi turn controls four di-namoa mounted upon the driidi^ 
axles. The escaping vapor passKi to an ejector condenser and bt 
returned to tho heater by a fe^ pump. Since Lurliines do not reHimra 
the lubrication of a piston engine, the steam ri not mixeii with oil, 
Chi the other hand, the suppression of the e,xliaust into free air makes 
uoiue othia' recoumo neotjssary for utilizuig tlie full jnotiva power of 
tlic steam. A ventilator b used. The locomotive U carried upon 
two drivers, each driven by two O'f tbo dynamos. The triab seem 
to have lM*en very satisfactoiy. The ctectrio control assures ilie 
dosirod flexibility in speed and mokes reversal pusaiblo. I stated 
in 1909 tlmt Navor bad proposed an analogous solution for the uso 
i)f murine turbines. 

Another turbine locomotive was made at ifilan. In this engine 
the dbtributor reduces the presauro of tho steam from that of lliO 
boiler to that of tho envelope of the turbine. Tho latter has four 
groujis of paddles working in turn. When great speed b necessuty 
tho steam propels only the first group of blades, at reduced speed, 
lUo several groups. In order to chimge speed the number of blades 
mnv be doiiblcsd by reversing thoir curvature. This locomotive baa 
u lieater of 65 nquare meteiw surface and was rated at 9 Jdlograma 
and furnished lOO borsepower. It wtw only an experimental loco- 
mutivo. The advantages shown from tbeie experiments were: 
The possibility of very great speeds, economy in lubrication, the 
Buppreseioii of osriliutiona, better utilixation of the fuel, reduction 
of the upkeep expense, and fadbty of management and reversal. 

The development of marine turbines continues. Without restating 
what I have given in previous papers, I would add that Yarrow 
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pnilitiHi by the liiibf^iitutiou at turbines fi>r pistoti engine^i iii tijc 
ennstmcLiuu nf iniuiue engines with. Buperboating- The 

MAG of miperlicmting ia here made pfMisible by tli© suppression of the 
JubricaiLng oil wlibbp when luLxed mth the atoanij after passing 
through the boiler b npt to decompose in the superheater and etiuso 
trouble. I^ceuutions nre iiDcessory thiit the superbemer b out 
binned np when its supply «I Bteum decreases too much or ceases. 
To fiYoid thisp YmroW provitliMl a way of diTcrting bj a damper more 
or lens of the hot gas from the hre. This damper is cooled by a current 
of air passing constantly between its faces to prevent their deforma¬ 
tion. An economy of lU to t2 per ceni: was thus obtameii with a 
BUperheating of to 65*. 

The cclcbntted clectricjanp Tesla, lias invented a steam turbine 
wliich seems to ijosst^ai tlie greatest posfdhle simpUcity. It consiahi 
of II scries of disks fasteued to the same shaft and imdosed ^vitlun a 
conun on cosing* The at cam, admitted tangentiall}^ into the casing, 
aflcr describing spirals in contact with each of the illsks, t^scapes 
through a central opemug. The friction thus produced suhiees to give 
a very rapid rutatioiu With disks 457 millimeters in diameter and 
25 in number and steam at ft kilograms^ OAjHsriments made at New 
York tleveiopcd a eja>ed of 9^000 turns pur udnutD and a liomepower 
of 200. The steam consumption^ as ni^liL have t>een exfiected, wob 
unfortunately very groat. It reached 17 kilograms of steam pr 
hutsepo'wer. The itiveutor hopes to got greater ecemomy through 
the use of ciiiulensalion. But it is douhtJul wlietlier tlie driviug of 
ihv tliaka by friction of Uio stiMim. wliirh is tho main ^loint of tliia 
invention, will ever give gooil reaulu as to a team coiiBumplion. Iba 
system haa the advantage of allowing easy nworswil. Two jeh3, cntcr- 
iiig in opposite directions, arc all that is necessary,, emplopng one for 
Hie forward, the otlier for baekwaril inoUuiu 

An attempt was made with the same turbine to use gtts bundng 
under prcaaure after having been mjyc<l withsulReient water to render 
tlia temperat ure harndi^^ The xc^ults were not st ated. 

IL OAS .\^B PFrrftOLEl’M ENGINJlS. 

TliOgas engine^ despite Llie convemencea in its use, did not reach its 
full developiuont the day that cheaper gases were auhatltuteil for the 
more cxpi^nsive illuminuling gas. 

'Ihe moa t common process of producing Uiis cheaper gas consist in 
passing a current of air over u column of the eombustlblc^ raised to a 
rvil heat over some 70 centimetenjj the combuBtiblti part of the gits 
eIius obtained is an oxide of earhoiu In place of city air, moist air is 
often injected. The water dlssiKiiatoSp fumkhing hydrogen wfucii 
combines with tiie carbon and oxygen, widle tho water at the same 
time lowers the temperature of the apparatuit. This gaa producer k 
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ted mth poor coni or coke. Ufsults miiy thus bo obttiincil not 
ing +00 grstus of cc^al per effwtjvo horespower. For reaiisdag the 
importanro of this rcaiilt, it isaufiicient to rccflU tbatT*“ith u compound 
flleam engine anrl coni witli 10 per cent, nsK, capable of ipving 7,200 
calorica j)cr kilogram the consiinipUoii oscaods 60(1 grams and often 
reaches 1 kilogrnni- 

It is clcsirahle to be able to feed the gas ])ro(iucer with nny kind of 
coal whatever. Tho employment of greasy cnsik is rendennl diffi¬ 
cult by the formation of tars whichf when the combustion is not com- 
pleto/tcnd to obstruct the tliatributing flystem. Further, ral^ 

lKtn,ia order to feed regularly, requires constant stoking witich in tum 
disturlis the working of the motor, Ijetombc succeeded in over¬ 
coming these difficulUes. lie ol^terrcd that, in order to keep tiio ceial 
feeding properly in the gas producer, it was only aocessary to start tho 
comhuaijon of the volatile product at the very moment of its disiilla- 
linn. llis gas proiincar is ovcrfcsl, having at its upiwr part a 6lepj.KKl 
gndo by which the air nccessiuy for the combustion is introduced. 

Tlie greasy coals are in general too KHtJy for tha production of cheap 
gas. It would be better to use those conibustiblcs of copious a'^h 
which can not ho eniploycii in other ways. The principal flifficiilty 
then is to overcome ihft reaistnnec offeriNl to the flow of the air, 
Kerpley maile for that purpose ii high-prcsaiiro gas prtHhicri- (4tM) (o 
700 miilimetera of water) the rotating gnUing of which is porforatinl 
wilh a great nnmher of holes distrihiited over itr- whole surface. 

Them has just hceii put into senico at tho German steel works at 
Bnickhauscn, a blower driven by probably tho mosi powerful gas 
ongine in nxistonce. Tliis engine is tt four-cyclc motor, vith two 
cyUniters in tandem and of 1,40 tnelers stroke. The diameter of llu) 
gas cylindetH is 1.20 meters, of tho vent cylinders, l.UO meters. 

For a long time gas cn^nes wc.™ worked bj- valves. Such engiuts 
are now tn competilion with thfaje using cylindriCfd slides or cocks. 
The great speeds accentuated tho well-known faults of tho valves dim 
to tho noisy shocks, the hammering, the difficidly of adjiistmenl , the 
stratifjcalion of the gas, etc. The Mercedes and Renault motors uso 
turning cocks. The Knight motor, which has attained such sucee^ 
since its appearance, uses a distribution made by two concentric 
sheaths placed witldn the interior of the cylinder and worked by 
eccentrics. The stratification is small because of the Cara taken in 
giving the parts the necessary' dimensions. Fear might bo enicr- 
taiacd over difficulties in lubricating and dulling. But e.vperienca 
shows that these difficulties are ensily overcome. Oil, constantly 
renovated, does not lose its fluidity. Tiie doing away with the valves 
allowH a very simple sliapo for the expiosion chamber, the surface of 
which may thus be very much reduced, and to t his Knight attributes 
tho grcftt tlesibility of his motor. Tho reduction of surface exposed 


274 REPorr Smithsonian instituhok, 

iQ cooling qUowb the gas to eonfierve ils beat at ihp momeut of lti& 
cjeplosion and, further, the absence of nooks assures a perfect removal 
of the burnt gas. It shoiil<l be ncited that the concentric shenlhs of 
tlie Knight motor requiro very accurate worldngT which niaki^ tlio 
construction iletioate and rafeeo Iho cost of rcpaJiB* 

Grw inotiors ttre not. to be reeomnietide^I for uso on vessels because of 
tlie fliiugtT Ilf the fiirmation of explosivo gas TiiiNtUros in badly venti¬ 
lated engine rooms. This objection does not apply tho Diesel 
motor, mcnticmed in tho Riniew for llKJa. This motor is of interest for 
war sliifis because of the suppirssioii of smoke, the reduction of per- 
S4 H]ooL ns wotl ns its augmented acopo of action^ wliich is some three 
tiincM HA great as mill the ordinaiy steam engine. 

Let mo reatato that tbo principle of the Diesel iiioior is to injei-t pro¬ 
gressively the i-oinbii^tlhk liquid by menus of i% pump Smlo air com- 
jirEs^od tn 30 aimosphercs. Bec^a use of tho high tern pern tu re due to 
the cumprois^oii, the mixiuri^ aptinlfuieously ignite^^ so that thiiro ta 
no iieetl of nn igniter. This niypir con tuKi pctroloum residues useless 
for all otlier motors. Oflicia] tests mode on submaTines jjroA-iued wi th 
motors have ahown tl^crmal elbricncies rrncMng 32.5 per cent 
for a horaepowcT iif 75 tuid 42 per cent for htiraepuwera of 3^5, when^as 
the best iriple-ospaiision st^ani engines M-Idom aurjiass 13 fier lonL 
The ilMrison .Suiter has muinily conBl-ructed a kHOiuoiivt? of 1,000 
lu>rftt'i>ower tlriven by a 4-cyIiuder Dieiiel motor. 

jtmong the motors for aviation the king of the day h unduuhUxily 
the Gnome. This is a tw-GM;enter mlatiiig motor* The cylhiders, 
odd in number, iuni about one of Qieso contiirs while llw pbuiim turn 
alMiut the other* Tho line of centers plaj^ the [uirtr of a uniquq cmrik 
which remainQ lived. Tiiis amuigemcut dot's avray with dJ the vary¬ 
ing forces due to the mortin which are inevitable wdth motors us ing 
fixed cjhndcrs, and ihus ossum a verv sarisfoctury iviuihbriura. 

On the olJier hand, the rapid rotatiGh of all Llie"cylixtdem produces 
an enerp'tir ventitatidn and thus at the same timu solves the preldem 
of cooling diom. That result is obtained, it is true^ through on 
increased iwwer consuinpiioTi for this stirring of the dr, which may 
amount to 10 per cent of the total power developed. We may add 
that this rotation intimately mixes the combustiblo with the necc^ 
fifljy air, makes the cylinders fill vtuy umformly, t inumaianeew veiy 
favorabio to a regylarily of the explosions. 

KoUting motors have the objection that the oil is tlirown figainst 
tlie luiisea of tho cjdinders and toward the valvtis, l^ey nro also verv 
costly bocftufie of tho wipocial care neccssa^ in ineir roust ruction md 
their rapid wearing out. A rotating motor while Tvorking escapes 
prti|«ir Burvedlftnce. The gyrmoopic effe^Us resulting from the 
rapid rotation of tho motor and imt^blr diatui-bing in the maneuver¬ 
ing of the aoroplane do not seem to Imve troubliHl the aviatoi^. 
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1 hiivti slated that the niimber of oyfiiidcrB ef tlio Gnome inotx>r is 
odd. The same stoteniont is true of iimny naotora in um for avifltioD, 
and we mfly well iiflk why. The reph^ b Ihnimgh the formula 

wliit^h T hud the f>cr^on to pn>vo+ an^l wlmh may bo slated m 
rt.= it (tt’f p—2) where n b the number of cyliiidemp A'i him nuinbcr 
of i^ratik^p nAfI p I be order in whbb tbo sparking oocnrai that ht after 
having sparkotl the first cyliiuier, then the one of rank, p + U b 
ti[>ark€d, then 2 p+1, and so on until the first one is roarhed ag^un. 
In order that aQ tho eylindm may Im sparkotl in turn it is necessary 
and suflident that p is prinio with il Ttiiit grantcfljit follow^i tbat^ 
if ono crank ia employed In onler to simplify and make the motor m 
%ht as poasibio* k must oqmil 1 and when p = 2* n must bo odd. 

It I. RAILROADS. 

The dovokipnient of our industries roqnm^i tho u.so ovoiy day of 
iut»re and more powerful locomotives. Since the gauge mlL^ed, and 
BO prrvontij im Incroaae In their widllij any increase hrta to occur in 
their length. WTieu wo jiasa u eorUvin limit precautiotp^ are ni^n»S" 
^ry for {permitting their [mssago acrpiiQd cunes. "lliiii has led to the 
construction yf longartirulBted locomotives of the Mallet type. Tba 
driving mechanism is hero distributed Ipotwecn iwo trucks, the rear 
one of which only h rigiil with the Iptdler. The fore tnick* movable 
with respect to tho roar onOp carries the low-presHuro cyliinle/ti which 
receive anil dbqluirgfl the b team llirough fle.xiblo tubcSi 

The Americans have gene yet further. Tlio oxcessiTe Icngik of the 
nevT l>oilers renders their manogiunent diiricult,p m that tlwj divide it 
Into two parta l>o1ted togedier. Hia two part^ may Lhon be separated 
at the workidbep for iuspeetioii and repair. Tlsen they have recog- 
iiixiHl the advanUige of making the joint flexible in order to rEnunijsh 
in going around ctinea the ovorhnngiiig of tho ends td the engine 
beyond the trucks. They thua obtain without an increase of crew a 
flexibility equal to that of couplod locomotives. iTlth engmea thus 
coupled thero are hauleci between Cldc ago and tho Pacific coast 
freight trains canying iha enormous loads of 2,200 lotia. The 
rosulU have been exceUent mid it b only a matter of extending the 
pro€PS43 or, what accomplishes tliu same purposap of moidiig new 
engines by coupling together older ones. 

In order to increase the trartiuUp the Americans have transformed 
in turn tho tondei into a kind of an au.villary engine provided with two 
cylinders connected by floxiblo tubes for furnishing the low^-prossmu 
steam coming from the locomotive. There is thus obtained aJmosjt 
a rolling mmxufactoiy pro^dded with 12 axlo motors, S of which are 
under the )ot‘omotivo and -I under the tender. There are l>c 3 idi?fi 
trucks at the front end of tho locomotive and under tho rear end uf 
the tender, if ay I ask how one engineer mid one fireniati can bo 
aufliclent to control the boiler of such an engiue t 
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De Yalbrcuze ptibtisherl in 10] 1 in the Biilletin de la Soc1^t6 rrEo- 
coumgpmcnt an interesting study on the use of electnrity on raiiroiub. 
Tlio following Rte s few of his concluaions: The prinripnl edvantages 
resulting from tlic use of electric traction rest in the suppression of 
smoke, the increasing of tJie capacity of the terminal station iluo to 
the simplification of the maneuvering of the trains, and tlie pooai- 
bilily of the use of steep grades so that more tlian one story may be 
utilized at the station, the rapidity of starting, the multiplication of 
trains, and, finally, tlie possibility of communicating from an ez tenor 
sourt'e of energy as great an amount of power as niay l;e deaire<L 
jVlong wttli these technical aJvant^^ there are several ei'onomic 
ones a'hirh riiauJtr in diminisliing the expenses of operation. Electrie 
locomotives have a smaller doatl-wright than those using steam. 
Hie power liouse for electricity uses steam enginca of the liigheat 
efficieory and fuel iinaiiiLm] for oniinary locomotives. The mainte¬ 
nance and repair of electric locomutivea requires leas time, and there 
consequently rraulta a greater annual milei^e for tliem. 

The choice of the eleidrical melhoil is a yerx complex problem, 
denuinfling in each case a careful study, since no generd rules can hs 
formulatcvl. The proximity to a fail of water frequentty iletenninea 
tho adoption of Glectricitj', FVom a m^itary point of view tliia 
method of tract ion possoAses great dismlvantagcs; tlie iieeessaiy^ 
ronnccdion Itotween tho electric train anti the power house constitutes 
in tho case of mobUiaation or of war a ven' serious meonvetdooce, 

FoTmerty railroad eompauius used for the tranaportation nf fr eigh t 
only cars of from 5 to 7 ton* enpatuty. After 1855 cam of 10 tons 
came into use; in 1871} of 15 tons; and in 1895 of 20 tons. In order 
to go farther it became Dei:essBry to increase the number of axlea, for 
the European tracks couhl not support more than 12 tons per axle. 
Accordingly, cara of 40 or even 00 tons were nuule, supported by 
two amall trucks, each having two paii^ of wheek. 

Thk tncrenae of capacity has the advantage that the ratio of dead¬ 
weight to that of tho carrietl load k reduced. For instance, the Into 
of a car haring a carrying capacity of 40 tons need not exceed 15 
tons, whereas formerly cam for loads of 5 to 7 tons had a tam of 5 tons. 
In order to lighten the cam further it bocamo necensaty to give up 
the use of wood and iron in their construction. Tho solution of the 
difficulty was found in tlm use of sheet steel, which is easily adaptable 
to the designa suggested. 

These great care have another ad vantage in that they reduce 
other tlungs being equal, the length of the trains. Such a re<f uction 
may amount even to 45 per cent. This augments the amount of 
traffic poraible at the station where, for the same length of platform, 
about twice as much freight may ho handlotl. At the time tho 
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Ruineiivormg becoiEPs nimplf^r Iwcaus^^ of tbe teducOfl number of 
couplings* 

Ticnry^ who stator] tjiose facts in 101 1 before the Sck46t6 tFEneour- 
agnmeutp is of tbo opinion that we may expect further Jevelopmrat 
anil use of these cars of greftt capm-ily, flowover, the smaJJ cars will 
alwDVH prnseriiC their utility for lighter trafTiCf the groat cars being 
roaerved for the hcaviorn 

TJio employment of the air brake has beiTome general with ]passen¬ 
ger tmlnSj although hi Eurupu it has not yet Ijceu raien<Je<J to Ireight 
treiios. Such an extension is^ 1iowe?er, very rlealrable even for tho 
security of the pas^ngcr trains, since the number of coULiioris between 
freiglit and passenger tmins occurs because tlie former have not 
sufficiently powerful means of stopping* Tho air brsldng ol freight 
trsins ydll coat very considcrabiy, but, as I statcil in lOOfJ, it is moro a 
tei-lmkrJ dhlEculty wliich retards their use* Kxpertence shoe's that 
wilh Lhu veiy long Irdglit trains Um ehango of prcsraum proilucnvi by 
the engineor at the front end ol tho compFcssec) air system rcf|iiireat a 
considerable lajisoof time beforo it is felt at thaotlier endj and during 
that pcriml the conpUngs^ which aro geaemlly made mUier loose in 
frdglit Iridna, bFicatift^ of tho frequent changes requiretl iu their 
make-up, receiTO violent ahocks, frequently breaking them. Sabou- 
ret, the chief engineer of tho Compaguio d'Orleansi proposed for the 
ovoreoming of llm dUBcnlty a very idmplo and ingenious contrivance: 
At the. moment wjicn the engicieer manipulates the valve of the air 
brake tho liiroe following effects are produretl: tho tender and 

tlie four first ears are imme^liately brakc<l; $M>conil| tho engme is 
brakiHi prngreiwivdy: and third, the resit of the train is hrakisd with 
a rolanl of 10 aecomb, Hutficing for the ears, bec atiEise of thdr acquired * 
velocity, to comprevw all the t-ouplmga by piisliing forward* Experi¬ 
ments have shown that*, under such conditiong, the braking works 
s^itisfactorUy, Tho aj^pUcation of the process in the Compagnie 
d'Orkans would cost 7 to 8 millions ot fratii'is, 

^yiiile waiting for the pioviston of sir brakos to freight IraiiiB, it 
fe hniisjionKable (o at least employ sure and powerful hami brakes. 
For this put^mse the Mostre brake abouhl bo mentionoil. It Imt year 
receiveil tho gold madid of the Soci^tf d^Encouragement. In tlie 
Mestro brako^ by ji very simpio Biartcr, a atrong spring causes the 
rapid approach of the brake shoea, tho final clumping being obtained 
by a device lumlogous to that of a liand jack* This brake has been 
Hiiccessfully tried in the eoatem section of France. 

The rupturci^ of the couplings to which I have made allusion are 
one of the plagues of the railroad w'orld* The procedure which 
natumUy occurs fijwt for riMiuctng them is to reeuforce all tho liimen- 
sioBis, imd such in a measure hm been done, aa the increase of loads 
1012-30 
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bfts SO required* Bui expemuc's showa that thk pidliative is not 
miflieient, Fremont ahowed^ by din>rt o^erimitnts^ that it h well 
to yao bufTer springB strong enough^ by their romprossiony to reduce 
the active force of the shocks whatever may bo thetr iuteni^ity. It 
seema that ihb necessity has not always been sufficiently taken into 
account. 

Fremont has Itirthor been occupied coxicerning tho ruptures whidi 
frequently occur at the end of a certain period in the bent crank 
of locomoliYcSi often putting such ehafts out of service and 
even causing serious accidents. He saw that such flaws result 
especially from shoc^ks received jKjrpeiidicular to their tnritionj. an(i 
proposed^ coimeqticrillyj to inenvase the elaeticity of gtndi Hhaffca by 
hollowing out*oertttin portions (the plates coimeiding the boflics of 
the. shafts with the bearings of the rods). Such a modification was 
introduced hito the euatcrti section of Frflnce, with bo far very 
encouraging rMults. 

I\\ AEItODYNAMJCS. ^ 

The progrefia of aerodynamics has l>een intimately associftted with 
that of the perfecting of the motors na well as with tho incji^asc of 
knowlc^lgc as to the aetion of air upon surfac'ca in movement, 
I have already spokon of the motors. As to the dynamtea of the air, 
considered with regwrd to aviiilionj we may distinguish between the 
theorelicid and ejqjcrinientaJ results. Among the former thera 
the important study of Soreau on the propeUor^ of whiidi he spoke at 
a confemnee last year of tho Socyt^ des Ifig^nieurs civih. Soreau 
remarkeil tliat tbon> are two sehooh devotCil to the iheciry of the 
' screw* One considers the elements of the screw Itselfj without taking 
into account the movotnenta of the fluid moleculeEt; the othfsr schooh 
licttcr comprehendmg the flow of liquids, finally reacbetl im avowal 
of their powcrU^ficpa and became strengthened in that avowal as tho 
study of the physical pbenDmena idiowod increasing com[drxity. 
Somau says that, after having riderl with the latter school at fmif 
he now behaves that it is possible to cJialy?# the action of the bhidi^ 
of the screw* with the double reserv ation that tho action takes place 
in o limited space and that ive be content with approximate lews. 
Tbc?aHe kws lead to fonnutio no longer wholly einjiirical, ns 

thus ilovcbpociir they show the parts played by the varinua dhnen- 
ijonsp tmlicjUmg their onlec of magnityib and rdstix-o mflueace* 
SUrtizig tlienccj the author ha^ coiomenceil to analyze, guuli^l by 
preconccivetl ideas> the better experiments on the subject and hope^i 
to get some general rtwulla. For anme imic nnalogoius ideas have 
guided tliD naval engineer Ihiyire in the study of miirine screws, for 
which investigations the Acaddmle des SciencRj^, m IPll, bc^tuwetl a 
port of the Vaillant prize. 
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0 x 1 th.^ exjHsrimeatfllsidei muat mcutioQ the beautiful nesMJftrrhea 
imdertaken bj in the labemtory ho has built near the CTiamp 

tie Mars. It hm just been romoveU to Auteud. The essential part 
is a room traverwecl by im air current, 2 meters in dia meters provident 
by a centrifugul blower. The velocity of the ftir tmiy bo made m 
grout 32 metora per serond, or 115 kilomoteii? per hour* There in 
at one aiclo another blower which fumishos uir, with a section: 1 meter 
in di&metex^ but oi which the volijcity may he raLsod up to I f4 kilo- 
motenj per hour. The motive power is furui&he^l by a raonopbasa 
current from the place at the Champs Elysfies and prmdously tnins^ 
formoil kito a tliroct current* 

EilTri^a labortkiory theridorn u$ck the aoHcidled tumtel methoch 
I>o Guiche uees in hk experiments an enrirely dilferent mcitbodt 
attiti 3 riiig tlie action, of the air upon eurfacea td varioua form carriinl 
bj an automobile^ We might call tJie latter an open-air method. 
At the Iiiatitut d'Afirodynamiqne of SaintrCiyry i^tahlLihed through 
tlic liWrality of Deutech do la ^^eli^the, an open-air method m aUu 
U8edj exJ^ept that the -eurfacos under study are carried on a wagon 
moved electrically along a track 1,400 metem long, A third method, 
which may be called that of a race courac, ia used at Saint-Cyr in 
order to be able to work when the atmoAphere without k not siifTi- 
ciontly calm. The diameUu- of the course haa been made 38 mctetH 
SO ]fts to dimii^ish m much m poj^sible the inHuenre of its curvalurcH 

There arc other aerodynamical lahonitorics in other eotiutrics^j 
notably in Italy fuid in Knasia, But whatever may be the eeientirm 
in tercet in the experiments carried on in any laboratorii^. tha con- 
etuBinns which we may tlraw from them, when applied to aTiatioiTj,^ 
must alwnym be subject to certain rewervationB when applied to 
practical aviation* In onler to know oxsactly what happens on an 
acrepianc, the measuring ap])ar&tus must be installed iipfm tho 
acreplanc itself in full flight* I-cgTand and G&udart Tiavo tdready 
made some experimonu* in that manner. It is di^irable that their 
example be followed. 

Before leaving the domain of aviaticifij which will yet rec|uire long 
development, I Avkh to pay a Wi^rd about DtuiWu contrivance for 
stability* Thi& k designed^ accfirding t<i the inventor^ to pmduce 
antomatirally the ncciiseary changes for effecting tho li>ngiiudhii|] 
stability of an aeroplane. The principle is jw simple as it Ls ingenious. 
Ab^tcch running upon guides in the direi^tion of flight receives per¬ 
pend bulariy the force of the wind* To ihiii wing are fa^tenctl two 
oLber guides pandlcl to the first and upon which a heavy plfc ^ mcA'op. 
Suitable springs keep tho masB in a dctcrmiimti^positkm. VTIicn ting 
vebieity of the aeroplane tends U> change abruptlyp the movable 
miLhBj i>i!cause of itB inertia,r k momentarily JkpfactHi along the guides. 
On the other handj when tho velocity cxpericjiccs a Beiisible varia- 
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tit»n tho presftim! upon ilip wing is of course chiuiged, and then ogam, 
but for a ililfcrcnt t^nson, the movable mafia imdergoea a displace- 
mcttt. In both caaea the clionge in tUo position of the miias is used 
to actuate^ by menna of e, cdupresaed-air auxtliaty motor, the eleva¬ 
tion niddet' (d the At^Foplane. 

The idea of thus cotubining in one apparatus the inf uence of &n 
Acceleration with that of n velocity is not bo new os the inventor 
supposed, for tho regulator of a steam engine called the “iimeriean 
Kcgulator" applies the same idoa.‘ But the merit dui^ to Doutre is 
because of his idea in using tlio do vice for the safety of aviation, and 
I should add that tho experimenta so for made show Its feasibility. 
It remains to ace how it will work after longer and more variinl trials. 

Delaj^orte hi the inventor of a contriv&itce called by him a movable 
acn» propeller and cuDsisting of a device cairjTng a motor and on 
air jiropeller. It is necessary only to install it upon a boat in order 
to make the latter automobile. Delapurto secs in his invention tho 
solutiou of the imirartont problem of the navjgatii>n of canals. A 
demonstration of tho aero propfllpr was made at Toulouso Sej>tcmber^ 
191 J. It was found that a llat-bottomcd boat ]>n>vidcd with a 
^horaepower ooro propeller could be easily matured and would tow 
up to S boatloads of 46 people each. 

V, C0N<5 TIERS AT DTJSSELDORF. 

In 1910 there w'os held at Dusseldorf a Oongr&s do Mdeoniquo, 
where a special tty w'os mode of the application of mechanics to mining 
and metallurgy. The following ore a few iihstracto from tho pro¬ 
ceeding of that congress; 

Electricity is ttioro and more used in mines for drilling, forhoisting, 
for ventilftting and exhaust pumps, and for extracting machines! 
In the metallurgical laboratory it Is frequently used for tho foiges 
and the tDlliug machm&i. It servEw further for the heating of the 
fumsc® and for weldutg. One pjiiper treated of the tramjiortation 
by lu'rkl cahtes which exceed 30 kilometers in length- 

Anotltor memoir gives the hbtory of tho development of tho hlowor 
and compr^on in German mines. Blowers are now made carmble 
^*^_b|owtiig in an hour 16,000 cubic meters of air at a pressure of 300 
millunetcrs of water, Tlie turbine compretesor, invented by Bateau 
is now widely distributed. These machines are often driven by low- 
prtsaure turbinos to which I referred in the Review for 1009 and 
whoso invention was also due to Bateau. The latter at the DusspI- 
dorf Congress presented an important communication upon the 
present status of low-prisssure turbinee, Their steam is ftirnkhed 
by an accumulator receiving tho steam escaping from a rertein 
number of ordinary engines. The low-preaauro turbine is so built 
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tKftt, Ia of nnflftj it may l>e iJpiTen with rouiing dirCK^t 

front tho boiler. Ttie supply b ^utomaticrtliy re< t>ivi^<l in cmt? of n 
dfiticienry from tHo accumulator, At MiLliUt^horowgli (Englanit) 
tho iDjstallatlon of two loiv-prcssiire turljinca allowed tlio putting 
out of service of 28 fiu^naces* thus saving 120 tons nf rosl pcir day. 

VL MlSCELlJtKEOUS MATTERS. 

In tho Roviow for 1B09 I noted a dovico for diminishing ilio rolling 
of ship^^p WfKin tho lateral dbplaeeineni of a heavy muss in a 

TisiouJt Iluid. The stability producer of Frahm ckijcnds upon a 
siiTulsr princijilo. Two rani^rvoiTB of water are placwl sjTumotrieaily 
upon iho opposite sides of a shiji and eommunicuto by a tube which 
cun he closed at wiJh This opening b controlle^h according to the 
oscillation pttriod of the water passing alternately from one resen'oir 
to the other, m as to control the osciUatbna of the ship itself. Expt-ri- 
miMits made at Hamburg showed that the roUing could be reduced 
from 11® to 2,5*. I may add that since 1883, Sir WatU iricsd the 
aainu device upon the g^mboat anil in France, in 1S85, 

Bert in proposed it for tho crober 

in the He view for l£109t ^ome mention ivaFs mack ut ^iMBcd geiim 
which have the purpose of varying at w^ill or reveniiiig tlio Bjsewl of 
rotation of a shaft ilriven by another ahafi wdneh must nin at c'ca-jistutit 
speed ajid in a constant direction. Since then a new and very mtcir- 
eating solution haa licon made hy Williams and Jatmey. The trans¬ 
mission of tho powder b hydraulic. Tlie driving shjift carries a crow'll 
of cylinJeni w^hose axes are parallel with that of tlie shaft and each 
oontains a i^bton jointed to a rod. Tlio encj of each piston rod b in 
turn jointed to a point of n ring wllicit can oscillate about an Ckvb ttt 
right angles to tho shaft of the motor. Further, thb ring Incloses n 
concentric phvte wliich does not partake of tlie movement of the 
shaft but may be fixed in a |>ositian more or less inclined to tliat of 
tho shaft. It is apparent, liion, that according to the iiidhtation 
givers to tbe plate the travel of the pbton rods will bo more or 
great; it b zero when the plate b [>C'r]>enilicular to the shaft. Tho 
movement of tho pistons b used for pumping oil, and it b eWdent 
that the quantity pumped at each turn of the shaft depends on tlie 
position of the plate. Further, the driven shaft b provided wdth 
similar devices except that its plate b rigidly fixed. Tho whole is 
assembled and Inctof^l in a tight box. Its method of working b as 
follows: Tho oil pumped during the rotation of tlia driving shaft u 
sent to the cylinders of tho driven shalt, causing their pbtons to work. 
Tho dbphwemeat of these pbtons causes tho rotation of the driven 
shaft and its velocity of rotation U projKjrtiomd to tho volume of air 
pumpcHl in a unit of lime; this volume is viiried by inclining more or 
leas the plato of the driving shaft. 
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Tliiia il&Tice ho 3 tJn"u<Iy r(?eeiv 4 ?d various applications, (’sjK^cially in 
the workii^r of tho turrets of j^iinboats. An atiulogoiLs tl&vim b found 
in the avialion motor of wliieh was Hhowfi at tlio last Salim* 

In Lhk we also find an abllquo plate with ti shaft cjlinJoi^ 

with their axes pamliel to that of tlio shaft and of which tho pistonsp 
hy pressing aj^ainst a plate, an? obligcfl to tako a motion of rotation. 
But in this cuso, iJisLead of ijsitif: oil, the pre^ure ts piwhircd by the 
os plosion t*( a mLsture of air ajid a volatile oilj as in idl gas engines* 

In i stated tho principle of certain fleviccti^ rallcii tomotn- 
which, as their name indicates^ meusiiro the torque of the 
aliflfi of a machine in order to eaiculato the w^ork tram^niittcd by 
that shaft. The same purpose is accomplished by the use of rariaua 
dynamometers. 'Hid following are tw<i recent i oven (ions w'hose 
principle is interesting: 

Ill tlie Farcot dynamometer the driTrug shaft is connecteil to the 
all aft of the dynainometnr by ineiuis of a ferrule, tlirciuleii on tlm 
inside so that it ran move parallel along the shaft wdicnever^tho two 
shafts liave diHeroni speeds. The force which tends to displace tlie 
femilc is propisiiions] to the force transmitted from one sh^t to the 
other* A suitahie pressure parallel to the shaft is ap[ilifd to counter- 
act this dLsplacemcot ami is eihsily ineasured by a suitable balancep 
the scale of whicii is euj graduated ws to givo by direct reading the 
power on a hasU of l.CKK) tuma per minute. If the epeed has a dif¬ 
ferent value this reading niir^L ho midtifdicd by tho iictuaJ iiiimhor 
of revclutlerm and tliea dmdotl by 1,000. 

Tiic Walton d^vnamomotor uses a simple device eiisroptiblo of a 
sunilar movemojit paridtel to the driving shaft. TJie ilisplecement 
is hero uatnl lo compress tho oil contained in a small box and hy 
measuring this pressutv tho power con-^umed in the transmission may 
be determined. 

Enioiilt propodcsi to increase tho efficiency of springs itt a very 
rational manner* tie Jvmarked that when coiled steel springs are 
submit led to turaioii^ ftjr tiprings of equal weight, Uioso of hollow* wire 
worked better than tliose of solid wmiH Accordinglv he was led to 
construct hchcah tubular springs, which for equal strength aro much 
lighter than onlmary springs of the same form. Fur springs made of 
flU|>er|Jo^d strips, he inereased tho resistance to bonding by sulwtU 
luting for tho material of rectangular section that which ima a slight 
transverse curvature. 

t'npt- Lorgier hiLS constructed on apparatus which ho calk a ten- 
fiiumoleri made to imljc&te the tension of a piece of wire, Tho devico 
consists in causing a dofiuito length of the win^p liniitcd by two 
bridges, to vibrato anil thi-n finds what the length L must bo in oriler 
tluit the vibration may have a certain defimto pitch. From thk 
value, die welkknuwm formula fur vibrating strings allows the caku- 
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Itttiwn of tlw? tonsion iM*r sqiiww niflliimiU^r of cr(^ aoction, a tonaioii 
whidi is ])roport LqihU to L*. Tlio invuntor iiolif-vet* Uio will 

b<* of important sonit* in avistion. It indwJ permils tiio rogul*tu>ti 
of tho k'lwion of f'tick wiro of an uptoplano anfl forthar allows tma to 
ft how to voiy tlial tonaion in tlw t<?sts ma<b in tie work shop. Such 
Uwts W'otilil cousiut ill overturning tho aeroplane anil aeattoring sand 
uniformly over tho wings auflicionl in amount to produce the equiv¬ 
alent •wind ]»rp»8oro in flight. Then by means of this tensiometer 
each wire woulil bo tested and tho weak parts consequently found. 

Tlio journal La Technique lloUemo in IJllO oiieaed auiuqiiir)' into 
the fatigue of metals. Tho replies received to tho qtiisjt ions have not 
always bwii conoordwit, but t'haipy, afUT tuialyahig oml discusmig 
them, bellfivcil he could state tim foUowing couclusiotisi Kirat, Uie 
alterjitioii in tho metals renmins negligcablo until tho defonuaticn 
pusses a certain limit; secoml, tho cause of tlio alteration is aluiost 
si Win'S a local and progreasivo condotisaLiun and hardening, t'oii- 
sisjuoutly it is inijHjrtant to so determnuB tho dimensions of tiic piece 
os to a\*oid jieriuauent ileformation at certain iKniits; tliird, a cIom 
examination of tho form anti apiwaranco of each piece tolls when it b 
becoming bail. Tho quantity of molal must bo determined with euro 
for uU parts of tli« construction. It is neci'ssajp' to avoiii uU ultera- 
tious at tho moment of putting tho apparatua into uporatioa and to 
be sure tliat each piece keeps its integral form bo as to provent 
neci’ssaiy accidental ami hupbaaard rep aim. The rigorous appUca- 
lion of tiieso nilcs will doubtless avoid those catoalfophics which we 
so much deplore. 

Along tho Bame line, Boudouard sought to see whether tho uUera- 
tion ill met Ills coulil not be rt'vealeij by the study of tho dampuig of 
their vibratory movimictits. A BuflicicJltly loug vibratorj' move- 
mrnt linuUy niplun'S a piece of metal. Boudouard foiiuil that tlio 
number of vibralLous nocessaty for ruptiint varied inversely with the 
carbon content of steel. I’p to the present, however, be has not 
succeedeil in showing clearly the relation of the microscopic structure 
to the ijatnping. 

It has betm known for a long wliilc that a nietal could be easily cut 
with a circular saw without teeth provided tho disk had a sufhciently 
rapid rate of rotation. This process has received a new application 
in the Ryereon Laboratory at Chicago. A saw 1-32 meters In iliam- 
cier, turned by a dynamo of a 100 horatqwwer at 2,000 turns jjer 
minute, cut in two 610 millimeters of T iron. Tho saw, made of steel, 
turucil in. an envelopo in the interior of which tho saw was constantly 
bathed with cold water and tho ebeiif of sparks was caught in a 
trough of water at the side of tho machine- The cut metal Bcemcil to 
undergo a real fusion due to the intensity of the heat developeil from 
tho fricliun. Tho feeblo heating of tho saw is explaineil by the fact 
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tbilt each of iu pointH rcniidjiod in oontact with the cut piece onlj' fiuiu 
a vei^' short time imd do ring the mt of the ru totion either in 
the air or ui a rojiiuus water bath. 

VII. TEE StlE.VTLFlC ORGANIZATION Oy THi!: WORKSUOF. 

Under the title, '"Thi^ prhiciplw of the scientific organkation „t 
i.TOrk shopa, the Americiui eiiginopr, Taylor, the w-eJl4aiuwji mventor 
of the rapul-cuttuig steek, has jiubJishcd an hitervatiug treatwe. a 
I'H'jjch tr^laUim of which with a pn-faw by 11. U thatelicr, 
mnmhcr of the uistitiite, has just apjavurwl. Tavlur dhenssfs iht« 
meiuis of alimenting ^e output of work..ho|« ^-ithmit Increasing 
Uie fatigue of the workmen. Ho shows that the prmiuct of eacii 
i^xifkinan dopcaids upon a great nunilior of independent factors, 
ajnaiiiitmg. for ejutmpfc, m the case of metal turning to 12. and that 
tile workman by simple trials can not. discover tlie most advan- 
values of these factors. The study of the working of metals 
abiic cost Taylor l.OOU.OOO francs (SI93,000) and 25 voms of expe- 

Ii^thLl m'r mon- simple 

mul one unhcating the purpcst> of the author i, the follow^ 

uig. Li taking Im hncks and mortar ami putting them m plac 4 . a 

cuslomanly mak^-s five times as many movements a^i are 

STUB'S m<><hfy^ the scaffold and fneing the mason from 

PlulSjS. ^ maneuvers the pn«]uct was tripled hi 

<>f manufactures. « busy with (he avstem- 
a^ orgam^tion of manufaofcoriis. ,Vn 

T^aiue Modeme giy<^ the following principles which are the 
^ulL of im oWnaiions: Fimt, the principle of discoutinuitv 

waiinium drUveiy. lo » macLno or a wornhoirt'} 

speed qf ft Tjicehaiiiciir tyele used wilt lu* diUi mG ? u‘“ / 

ftpwt for iht* pn>oe99 in mr ftinl flijA Ttmhni t 

the aoluiwn of which skmUi not bo left to ch^ljltr* 
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FlO. 1.-STflOMBOL( F»OM THE SEA, DtUPTlOH Of lflt2. 



Fm. 2.-MASS Of Plastic Uva Fallen on a Rock, 1907, 
















BEPORT OX THE RECENT GREAT ERUPTION OF THE 
V0U:AN0 "STROimOLI.” 


By FfiAXK PEillLETj'^ 

ii^ T oleymV S0dHif fi/ I/tM, 


' V 

[WiLh D ' i 

1 hAv^^ the honor to pri>^<?rit, as you the foUnwing rtjxjrt 

on the ref^enl remarkable eruption of Stromboli, and purticulnrly for 
tlu* foUowiiig reason.^: 

L Tbi^ eruption^ tPg^th^r witli tho one in 1907| diCfcra f>c greatly from the 
rhmctofutic u^tirity of SUombdU ^ ta miirk a new {ira in ihd- vokimo'B eniptivo 
hi&liit. 

2. The ertiplion, mlthoui;h corUiniy the in tamy yew and irn|K!rOin|f die 

livas at the 3,000 i^abitanin of the Mand^ alnicwt imnotiEred hy the prow. 

3r The writer, m wdJ in 1007 m in the pfeeent year, wm tbe nnly otBcrver^ The 
Tedbm vcreanoiogiidfl in both caMa ^idiitcd Uii? inland nuly idler the eloiie af the 
f^oipdan. 

Stroml>oli, at the norlhoast extremity of the Lipari group of 
Ldatjds, north of Sicily, appenTH as a sin all Toleanic cone risbig but 
925 meters (S,0S3 feet) above the sea. It ahoulrl be remembered^ 
howeverp that what h Been ia Init llte wiinuiiit uf a subuiarina moun* 
tain of groat aisse and height. It& general fuim h shown in plate 1^ 
figure 1, the principal characleristicK hehig a mid erected 

summitj an eccentric crater itittiaied nearly 200 nietem lieJow tlie 
Hiimniitp a Kteep slope (35®) dcflcendUig directly from tlie crater to 
the Eica (the su-ealleil ^‘Sciarra del FtiPCa ”)j and two platenua on 
oppuBito stdea of the island from the crater which form the mhnhited 
and only liabitable points. 

The crater is thus inrkihle to the irJiftbitante andp while thb 
undoiihttJly eonlrihut^ to their security and tranquillity, it is often, 
neverlbeless, iho cause of their ignorance of the volcanoes conditiciii 
especially as regards iho preparatory symptoms of an eruption. The 
old aemaphure station on Panta Labrnnsco was well placed for ol>ier^ 
vation but was ahandoniKl after the Calabrian earthquakeof I905r 
by which it was badly damaged. The new statiuii above the town 
of San Vincenzo b not in sight of the crater 

^ a^poTE l£i Ut. Untidy, AfiMifiaii toBiPat al liaiy« Ocik ^ 1maQitE*4 Eg tbi 

ahUoa Ifutauileiti Sjr V» iMijiflirtnuial of Sla.tfl Ak. 1913. 
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Ihjrin^ tht!! pri^<?rri(. generation th4S norintJ tictivii.y of tliia volcano 
until the events lierein flcsscrilied, cozc^isteiL of a inoilcrate but 
almreit coutiniioua form of eruption i^iih jet*4, ar. frequent interviJ-ip 
of incjiiitl^^onli fragmentH of bi^^a yidiling an illuniination so regiiJat 
twill brillianL es to have eartxed for StromlH'ili the title of “LigUthouBO 
of the .Mc«diipjTanean/' There no craterp properly w oalleil, but 
a ^shallow depression where a iTuter should have bt^'H—that 
uiuioiibtedly a JiUod-up lormer crate**— with a tjumber of siutJi 
eruptive mouths generally arrangiH! along the ecige of the deprisssiots 
toward tho sou. It will bo seen that I ilo not claim that tho preaoni 
great iTatcr, as describe*I below, h a neiv thing in tho life of tho 
voktouj, but tliflt hi ia now to the present generation* 

III tlio spring cjf 11307 the norimU ocstivity was broken hj an erujH 
tioti of great ysoleiice, which threw tho inhabitaiils iiuo a state of 
panic, Tlic exploBiomt wore ao sharp that the air cuncusaian broke 
nearly every window on the islands The la^'a was thrown out in 
large"masses so hot ns to retain its plasticity and be confo^ned to 
tho surfaes upon which the mass fell, as shown in plate 1, figure 2. 
Tlie eruption lasted several weeks and produced a true crater 2U0 
meters in diamotor, and the eruptive mouths, wiih no exception, 
were sunk to the Ikiltom of thb aby^* 

Tluit Uu-y still existed and ixcted as aoparate tnouths w^as proven 
by tlio viurii'J character of the explosions and the different ihiu! 
inten ds. There w as also a moat tnbc'rcsting rhytlmik- change f rom 
a ty|)c id explosion with the lava high in the conduit and In free 
roiiLiu^t with the atmosphere, when the cloud of ejected materials 
cortsisled of iiicoridciiceat lava fragments (buinhs) ajid clear vapors, 
to the iipposiie ty[>o of dense black vulut4^ of ash from the l ollap&ed 
wall niaterial as tho lava column sank below its foimer leveL The 
dillerencij U'tween the tw'o forms of exjiltiaicin, known technically 
as '^Stromlaxlian and Vulcanian,^* was even more dearly defined in 
tiie eruption nf ID 12 ami is clearly shown in plate 2. A ciinsiderable 
emission of ask having a strongly acid reaction mined the grape 
crop for that year {imi) anil the unfoTtuitate inhabitants bc?sou^xt 
the GiivernmenLp through the local tnunicipul delegate. Signor 
Famularo, to send ships in case it seemed necessary to abandon the 
klimd, A cruiser, the Piem/onte^ and several dcHtroyetw sent 
and It fell to me to assume the grave responsibility of sssuriiig Qnn- 
inandei’ Presbitero ill at the culmination of tlio eruption wos passed 
and that, ulthough some niinur rcvivids of activity were to boexpect^^d, 
there was no further c^um for alarm. Upon the strength of tliia 
he received iiermbsiun from tbe Govemmetit to withdraw Im shij^. 

A brief account of this eruption wna publhdied in the Bulletin of 
the Brouldyn Institute of Arts and Sciences. This eruption of 11)07 
left, as I have staled, a deep crater 200 metiers in diameter and waa 
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fi)Uuw^ bv 11 liitvg jieriiid I'f uJmEisl fomplot« fpjKJW, this const it u ting 
quit*) a riulicni rhangt from tlie foregoing Imbit of Stromboli and 
imitating the mud us uperandi of other volcanoes, such as Vesutdiis 
and Etna. During this period not the least glimmer of light was 
to bo g«‘en at the crater and when I again visited the voleiuui in 
190S) it was still in a etato of quiraeence. In thiseonnretion a fact 
of gunexal interest may bo mentioned. Some years previous to tliis 
lime a project was on foot to erect a lighthouse upm ‘^Strombolic- 
ehio.'’ This is u monolitli of lava (pi. 3, flg. 1) rising 60 meters 
ub<»ve the sea at a short dUtanee from tlm island. In my opinion 
it is a volcanic '‘neck;'* tlial is, the solidiltei] lava which I'Kistcd in 
the conduit of a small volcano formerly active on thw spot, the 
cone of which, fonned of fragmentsiy' materials, hoe iK'cn destroyetl 
by centuries of weathering, Jeavuig the solid <'ore as a monument to 
its farmer cxiiteiice, A fliglit ef steps was t‘ul from the sea level 
to the top and the tup itself wos leveled, but the project was aban- 
doiied,,a 3 I am infurmed, pn'chs'Jy because the illumination from 
Stromboli formed a bettor Ughthouao than any erhich cnuld be 
Constructed bv man. Upon the failure of tho volcano a light was 
utH.‘ded and a lighthouse is now to be erected upon StromboUcehio. 

Tho eruption of July-August, 1912, was, on the whole, greater 
than its predocessur and was initiated by a continuous series of 
vkdent local earthquake shocks. Thes« imdoubtodlj were duo to 
a conduit partly obstructed by lava which had conoohdated therein. 
This was ejected in solidified form, a» cootra*iistingui»heci from that 
of 1907, in irregular blocks of all sises up to Iw*) meters in diameter. 
One of these, shown in plate 3, figure 2, fell 590 metcre dtstant from 
the crater. The rock is a compact, basaltic lava containing a ron- 
siderahlu proportion of olivine. 

Besides this rock the cldef product of this eruption w'as the entir- 
mous quantity (fur Stroniboli) of ash. This reached a depth of over 
2 meto» on the upper parts of the mnuntiun, as shown by the photo 
graph (pi. 4) of a stone shelter built near tho siimmit to ebclter 
observers of the target practice of tho fleet. In tho towns the flat 
roofs were rorverod to a depth of d to 8 centimeters and, in contrast 
to that of 19UT, t his ash was alkaline but no less fatal to green vegetOr 
tion. As long as the fallen ash remains dry it is harmless and a heavy 
rain is innocuous, as it washes tho ash from tho leaves, but if the ash 
on tho leaf ia moistened by the dew or a few drops of rain the soluble 
umteriak are extracted and attack the leal, generally affecting one 
or mure sectors, as shown in plate 5. 

From the standpoint of tho volcanologist, the most interesting 
feature of this ash is the fact that it is constituted almost entirely of 
new material—^i. e., it wua formed directly from liquid lava by inter- 
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molwAikr gnst'cma exfuitwiion luid not by llie cruphinj> qf q]d mcks 
nor b}' tb& coUupst of orator walla. This forms ii striking oxumjjlo of 
the procci® of uidi making as described in a paper by tlio present 
writi'r entlik’d '■ \ olcwnic vortex rings and tlio direct formation of 
ask from liquid lava" and vrluck appeaiB in the November issoo of 
the jliiiuricjiii Joumal of Science, luring tliia eruption the explo- 
sions, although very ])ovi-erful, wore not aufficiently slinrp to prtHluce 
Uie plienomonou of the ^‘Hasldiig an®" as observed liy mo at Vt^viiis 
(i^) and Etna flDlO) and doeeribod in iho American Jonmal of 
Sdenee. 

In adclitiou to the solid blocks and the aah, a verv- large quantity of 
poruiia, vitiwua acorift or ''lapllli" were ejoctiuL Tlirno were of tho 
some material as the ush and containing in mime cases inolusions of 
alreiuly formed ctynstaJs of aiigile. In failing, they were still piostio 
to the extent of iTonfoniung to the forked branr.h«i of I bo Goncata 
[dunts and even to b« impair’d upon the spines (pi. 6). 

Tliis eniption was very instnicUve. A careful study was rpade of 
the great "muahniom vortices" (pi. 7, fig. n, by whose iiujchaniBrn 
heavy rocks are carried to u great height and (lien threwn to a dia- 
tance by the vortex wliirL 

Some idea of the crater, 300 meters in diameter, of lids erupt ion 
may be had from plate 7, figure 2 . 

On several occasions, including the present one, tho writer has been 
comphilcly env&lDpod for l.> or more niinmca nt a time in the cloud 
of gas and ash proceeding dirocUy from the crater of n volcano during 
a paroxysmal eruption. In every coeo there was no noxious gas—fto 
IlCl, SO^, iTjS, OO, in preceptiiile ainounta, id t bough iheae are 
prescut ill distresaing quouUtiis during phtisea of minor aetivitv 
Tlieconchifiion isinevilahle that the])aro3£ysinai gasta—i. e., tho giisffl 
wludi produce a great eruption and which have been the cause of the 
formation of volciinoea-eonsist mainly of the same mgrediente os 
atmospheric air. Under the aisive mentioned circumstances I have 
found only a slight fci'Ung of oppression, which may be duo to the 
higli temperature or praiajbly to a slight deficiency in the proporlion 
of oxygen due to oxydalifiua during the subterranean travel of the 

Tliree two enjptioiia prove that Stromboli aluireii in tho geneml 
increase of activity o^f the Italian volcanoes. 

Mount Etna is preparing for a great eruption. 

data op THE EavTTioxs isor a.xd lauf. 

1, The nah of ID07 was acid, tlmt of I0i2 alkoliniv both noxious to 
gTcc^n vegDtatbii+ 

2. Tlie poroxyannd crae* of botli eruptions rom«]ionded with the 

luni-94jlar pliAsea^ to wlucU ja 
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3 . Ttic mh emission of the 1912 cinipiimi was acoonipimi«^ by 
strong electricJ luanifcitations, the volcanic lightningH being vivid 
and almost mccssatit. 

4 . The prodiictfl of the fnmaroles of this eruption, coilectod by tho 
writer and analyzed by I>r. Ilonze, of iUe Naples Aquarium, consist 
prinoipjilly of Al, Fe, and Mg, combi ntd with II^O* and IICL Tlioir 
gasEOiis emnnatiun, as tested on tho spot, was chiefly SOj nnd a 
trace of 

5 . The cruptivo months are six in number and havo been deaig* 
natcd by the writer with the letters A to F, iiiduaive. 

6 * The eruption proper lasted from July 22 to August 14, 1912. 

T* The crater of 1907 was 200 meters in diameter« veiy deep, and 
tbo throat of the volcano was left quite froe^ permitting ihn gases to 
escape quite continuously after the eruption p 

8 * Tlio eruption of 1912 enlarge] tbo former crater to 300 motets 
and left it partly filled witfi coUdjused cone material. This tends to 
eonfino the gases until they break ihrougli at intorvola and form an 
ash cloud| givipg the impression of a greater aoti vity than really exists, 

9 , TJm paroxysmal gases, as at Vesimus in 1900^ had approxi¬ 
mately the eompoeition of atmospheric air. 
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Plate 5. 
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TFTE GliACIAJj AND POSTGLACTAIj LAKES OF THE GREAT 

lAKES REGION.' 


By F^tuxit B. TArw»*. 


GENERAL STATEMENT. 

Tlic Great Laurentiau l^akcs, or the Great «» thej" are eoni- 

monly styled, are a group of TolIeys which havo b«n tumwl into 
lakes. Geologiailly speaking, the lakes dicmselvea ore nevr and 
youthful forma, although tlic volleys in which they lio ore much older. 

The basins of tlie Great Lakes were once valleys with free tlrain^ 
and no lakes, liko the Oldo Yrdley of to4ay. Tho events which 
changed them into water-filled basins were apparently associat«l 
with the glacial period, and are therefore of relatively recent tlate. 
It is tho later part of tho Great Lakes history, comprising tUo gjaeial 
and poatglacifll epodis, that has engaged the attention of students 
most, bi'cause the facts relating to that part are tho newcat and most 
nuw^us. But in any csomprehensivB view, tlie fact should not bo 
overlooked that tho Great Lakes, or rather the basins in whi^ they 
lie, had u long and complicated hktory before the glaciol period and 
al^ a complejc mteiglacud history. Only the main outlines of the 
earlier ept)clis are known at the present time, and it will auffire to 
enumerate them here hrieiiy. 

PREGLACIAL U I story of toe valleys of the great IJJitES, 

OF tlETELOPMENT, 


Tlif prcglrtciol history of the Great i^kes is simply the pcol^^cal 
historv of the K^on. For convenience it nuiy be divided into tlireo 
epocljs, each one dominantly, tliuugh uot exclusively, charncterizod 
by a particular phase of dcvelopnient. ^Gio first was tho epoch of 
sedimentation or Paleozob strata bniltling—the consirtrctionol epoch; 


IniUMinl to-imroSitai «f WrirtOT of U» U.O, S«vwr. VlilipstHrl* rO Rdnnn pulUJ- 

nHAofCbKrts XU ^ ” nt SWO l l) * tUiimtokM of liwli*^ 

w -U» 4 t Pfaot a. Tttjtar.U.a, Owl, SatT. Mim., nil.Inpno. Tula ww £>«t 0^ 
taLir ihiMuliid (br lOIMnM BoHiiaSm, uri liwowni* i« It W BnHr “ ouUltw al«»»Ilk* kSUiqr, ftJl 

Iritii.i«ti to tlw dmWilUM of OiU OMBpl?* bStofr, SboIi il«i* ietawwIoOffaiiiia wiU 1» Itnua IkIimM 
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ilic sectmrl wns tlic cpocii of liuid clcviition, datisin^ burtftw of aUI- 
tiiJo ftufl inaugurating erosion—* the epoch of ETnergEtice, onil the 
third was the epoch of erosion or Yflllej" making—the dcstmctionuJ 
epoch. These tlirce epochs arc not sharply and compictely marked 
off from each other, although they may appear to be so in sotue porta 
of the Great Lakes area. For example, in the northwestern port, 
uplifts producing craeigonee of land areas occurred while in much of 
Hie region of the hikes further east, sedintentation was still going on 
uiunlerruptcd, TMuitevcr loiul was then rolaed sIhiyc; the ecu wiia 
attucknd by the foieea of erosion. Thus, to some extent, sedimen- 
tation, elcTaticn, an<l eTt^sioii were all going on nt one and tJic same 
time. But the succcssiTo dominonco of the three processes distin¬ 
guishes fairly well tlic three pliaai« of doeelopuicjit 

OCTLLKE OP OKOt.OCHi;HM; tlWTOBT OP ORBAT l..AKF„>il BEQIO.S'. 

It is well known that the biiatns of the Great Lakes lie cliiefly ttl 
depR'»uons that were formcTly filled and completely ocenpied by 
Pakojtoic strata, \\lule these stnita wm* being laid down tho whole 
neglan, excepting, perilnpe, part of the Archean area south of L«ko 
Superior and some porta of the plateau north of the Great Lakes, 
was under the eea. The rueka that filled these basins hare very dif- 
fcietit charactoTB in different bods. TliecB are conglomerates and 
santliftom's, shales and liniestones, and in some plocea ignoous rocks. 
Each one of thcao daosca of rocha has many varieties with more or 
U?w variation in iiardncss and chemical prop^ies, and tlietw qualities 
exerciacd an important inffucncc upon the rate and manner of ilkin- 
tegration under the force* of esrosioa, TIm) formation of the Great 
Lakes bjyiitw hiia thus been dependent to a large degree upon the 
chapter of tiift strata out of wliich they have Iwen exesvated—upon 
their relative hanlm.^, thickneaSj and arrangement, 

Tliia Was the constructional period in which nature was getting 
neatly for tlic subsequent making of the lake boalns. The has ins 
themselves, however, did not begin to be made until another great 
event in geological liislory had taken place—not until a change 
occurred in the relative attitude of the hind and soa. Beginning nt 
the close of the Paleozoic cm there cftnie an epoch of great earth 
movpjiuints iilfecting all of the ctusteru part of North America, includ¬ 
ing the wliole of the Great Lakes region. In cojiBcquenoe of this the 
land now occupied by tho hikes waa lifted out of tbeaca to an altitude 
estiniatud hy some to 1» retattvcly 3,(K10 or 3,000 feet higher than iia 
present hlLitud,?. 'tlibi wna the time of the uplifting and folding of 
the Appalaciiiiui ifouiitnijia, Tlibi proccaa probahly occupied some 
thousands of yearn, but in a geological Benue it Was & relatively short 

11104 ;. 


tilAClAL LAKES—TAlLOE. 


293 


ThcfC' fe eviflrnce, tlmt then? were gome <?arlier mofnenjenta of 
IfflW e?ttont /lffoctiIl^^ tlio w^on of Lftk<* Superior find the aortiiera 
pnrt. of Luke niuwn especially, which probably inf^o land surfftcoa 
of Innited extent befon* the great movement wluch elevnted the' 
whole region. 

TOE llAKItiO OF 'nfE O K EAT LA.SE VALLETB BV fflREAM EROBIOX, 

The forces of aiiUfleml and atpcom erosion attneked the Burfficc of 
the land hb fiisl ivs U whs ratfwtl uhove the level of the and the oea 
itaeU, with its wavea nfid tides and nirrents, attacked the new land 
all around its shores, Rain and frost, wind and aunaliinc and the 
various ogvnts of chemical decompoaition attacked every part lif tlie 
new laiiil siirftwo. Mvist effective of all was the water that gutiierod 
into flowing stTeiimfi. All of these, great mid small, did their share 
in tearing down and scidjiluring the new land—ill carving valleya, 
lulls, and mountams out of the eicvaled mass. Each one worked 
with all ^'ffieieiicy (li'pendent ujwn its Tolume, the rate of its descent, 
the character and quantity of sediment carried and upon other 
foctore. The funst eliapefi of the newly emelged land fietcmiined the 
first drainage sjwtems, but tis the work of crusion went on the effects 
produced were ^ally influenced by the variously refistent diaracU're 
of the rocks and their rvladve poaition luid arrangement. 

In the building of the strata out of which tlio lake basins have been 
excavated, it happened that the region now occupied by the greater 
part of the basins was for the most of the time not adjacent to the 
^orcs of the ancient seas so as to receive coarse sediments, hut was 
offshore some distance from the land, so that the sediments receiveil 
were mainlv of fine texture, mud w’hich afterwartls became shale, 
and limey wze which aftcnvarrls loscarae limestone. Conglomerates 
and sondstoiiea imlicating shore conditions or shallow water near 
shore occur, but are not common in the lake Ijasma. Limestone 
does not rank as a hard substance in the scale of tninenil hardness, 
but compared to the shales it is sometimes a hard, r^istant rock, 
espccittllv w'here it occurs in tnossive form and in great thickness. 
In the building of the strata it happened that, stretching westward 
and northwestward from central New York to northern Michigan, 
tliere w'os ii group of Ijotb whose arrangement and relative hardness 
preilispuaed them to unequal ertadoii and the formation of vaUerB 
boundinl by great escarpments. In New York the I^kport lime¬ 
stone of the Niagara group is » massive betl of the hardest quality, 
150 to 250 feet thick, wldle below it are shales and sondstenea— 
ihiefly shales—much softer, but containing two relatively thin, hard 
layers of Clinton limestone. These lower beds are several hundred 
feet thick. Then, again, above the Lockport limestone, ate the 
etf 1W3-30 
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vciy iniU’lVt i*£ilt-boariifcg lieds of the Salina fonuiitionj genemlly 
200 or 300 feet iii iJiiekne^. The Belcctivc processes of erosion kd 
die ^trounis to littiick the softer strato ■with grentest offsetj while ilio 
hiirskr limes tone resbted nnd formec] the great e^*rpment which 
noyr eliaracterizca it, from New York to Wlsconain. Kxtensive val¬ 
leys were eroded in the soft rwkH helow’ it and the limestone ledge 
wrtiJ drivoTi hiirk ita fast it W'a^i iincknninad. Other vnlkvB were 
also excfiVrtted in iho soft shsles nl>o\*e. 

ThtE4, Ldko Ontario^ Uetii^ion BiiVj the nortliern channel of I^ake 
Huron^ »ml fircen Buy were excavated out of the soft rock below the 
litnestoni:!^ at ihe Xiagitro gronp, while Luke Erie, .the main body 
ii I>uke IItm>n and all of Lake Mich^an were excavated out of ibo 
soft strata above die limestones. T^tiko Superior appean* to l^o aome- 
wliai exceptioniil. It is thought to lie latgely an erigiija] rtiek bfisin, 
or {>erha|is a ^yncruie out of winch the soft rocks have Ini^n erotled. 
TItese f^ufter rt>rkB were probably mainly those that lie below the 
liiucituiie of the iagam group. 

Thiiei, the sha|>e and sir-o and arrangement of the lake^ valleys 
were primarily depemknt upon the geological si^tnicluro—upon the 
relative po^iiidn and tliickncss of the soft beds and the dkiribnlion 
of their exposed parts. ^Vhere die soft Iseds were exposed to effective 
stream erosion they were removed more rapidly than the harder 
rocksr and llius liecame the main valleys of the region. 

In die prct^cm attitadc of the laiid tlie Paleozoic strota dip dis- 
tiiieily hut gently southward in the hmm of Lake Otitujioj south in 
tlje eastern part of Lake Erie^ and southwest and west in its western 
pari; tcjwnnl die snuthw^ost in the main part of Lake Huron, but 
toward the south in the northwestern part nf this basm; towerti 
the south ill diC nmtljeasteni part of J-Jiko llkhiganj toward tlie 
cjLbt in the southern part, and toward the south in the peiiiriHuk 
eaiat of Jfarquelte, while farther west the older rocks bankring I^ake 
Superior on the south dip steeply northw-ard toward the axis of the 
basin and the di|iB are various in other pnrt^. 

That these valley a were going through the procos& of development 
by ernsbn during practically all the time fn^m the close of the Paleo¬ 
zoic to the iMJginning of the glacial period seems not improbable. 
Indee<l, the time must havo been very long to haveraaeje such extensive 
valleys by so slow a process. It might bo thought that some move¬ 
ment of elevation or tUting had turned old valleys into lake 

hasms long before the time of the Ice Age, but no certain evidence 
indicating such a change has been found. Up to> or nearly to, the 
lieginning of the Ice Age ihe vallevii uppeer to have had complete 
drainage by rivers and held no lakes. 
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THE GREAT l^AKE BABINS IN THE SUCTESSIVE t^LACIAL AND IKTER^ 

GLACIAL EI\X:HS. 

Tlie glac'inl period ^ n wliole hiv,^ found to be miiA& ii|i of 
four (or pcisfiibJy fiTo) distinct epochii of glficmtinn s+efinmtcd bj inter¬ 
vening vrArm periods vvben the ice sheet either shrAuk to xeluiiveh' 
gmull proportions or disappeum) altogether* The Inst iee sheet 
depot^ited wbnt is kiioTvn m the IVisconsili clrifl. It sectns certain 
that the depressions which constitufo the bike basins were involved 
hi each one of the several glacial epochs, and yet all the basins^ ex- 
cejitiogperhnjjs lliat of Ijiko Superior, retain ven" distmet characters 
which belong to strcaio-eroded vaUeys. Indexed^ except for the 
drift deposits mid effects produced by lilthig, it may almost In? stiid 
that they show no other ehArncter^. All the changes produceti by 
tJie several glacial invasions have not destroyed these chiinictcii? nor 
obliterated them to any great extent. In fact^ when the last ice 
sheet crept from the north flown into the iake basins it appears 
to have found them in almost ever)^ detail the same us they are to-day. 

No doubt th© events of the bike histor}- which occurred during the 
advancing ]ihase of the last ke sheet, as well as in the earlier glaicial 
epochs, are matters whkh vi^ould lie of great intcrEsi and importance 
if thej" were arc^^ihlc; hut. the}^ seem dei^tined to remain in obscurity, 
because tJie record made by the ice at the climax of each minor move- 
ment of advance was continually Ijemg overridden and ob lit cm ted 
by later and more enei^etic readvonces; and, further, in the region 
of the Groat l^kes the drift sheets of tJie older glacial epochs were 
ahnosi entirely overridden by the later ones. 

THE GREAT LAKES DURING THE RETREAT OF THE LAST lUE BIIEIirr. 

The foregoing Ls a brief out line of tlic comfdcx histoiy of the 
Great Lakes do^^Ti to the lime of the maximum ex tension of the bust 
or Wisconsin ire i?heei. It is only when we beghi to follow the retreat 
of this ice sheet across the lake region that we come upon that later 
phase of the lake history which is so clearly and com[detely roconltd 
In iho present surface deposits* This part of the history is spread 
out upon the surface of the lake region like an open book. 
immense body of facts has been gathered bearing upon it and this 
gives us a fairly full kjiowle^lge of its details, with the promise, 
through continued exploration, of still more detailed knowledge. 

This part of the lake history hits its own complexities and these 
arise from several different causes. Firsts from the oscillating man¬ 
ner of the ice retreat^ which was accompanied by many jicriodic 
minor movements of retreat and readvance; second;, from the imsg- 
idaritics of topc^raphy whidi characierizes the lake ri^gion; third, 
from the direction of the general relre4it of the ice across the hkke 
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biLMHLH; «nfi, fuurtit, by cHfFcin.’TitiAl plevfttian ot the Innd during end 
ftfter the ice oreu|}Atioti, the maximum olerntion occurruijf in the 
north and producing several choDgea of outlet. 

The combined cifect of thoae and other icss im|x)rtaiit racU^ra pn>- 
duce<i a complex Idetoiy, not only as cxprwwed by the distribution 
and rcJatioiu of the various driit forms, hut also by the reniarkahlo 
cJfectK of the ice sheet upuu the aifeH>clated drainage. It d letter mined 
the Jocatioii i>f great rivers winch flowed only t.em|Hfrarily frem the 
icc nr along its bonier and pnirluiH-d n^morkable ahifthi^ <if their 
eourees. Its most noteworlliy effec t, however, was the jimduction of 
a complex suecessioii of shifting and changing lakes—enlarging, fidb 
ing, sbruildng, c<»mbining, dividing, and riaing lakes—of largo ustoat, 
with frequent changes of outlet, and wming at last to the lakes as wo 
find them to-day. Ain invest igatiun hus tndined mom and more to 
details and has covered an Hh^aof incrcftsiug oxtent, it has been found 
that the succession of changes involved in the ku*r lake histiiry is 
much mon‘ complex than was furnitriy aupposmi. 

m 

TIIE SHRINKAGE OF THE ICE SilEETT INTO THE LAKE BASINS, 

In one of its earlier eputrhs (tlie Ulinujan) the ice sheet covenid the 
entire region of the Great Lakca, the only exception being the well- 
knovii'n diiftlcss area which lies chiefly in western WiHctuisin. Thk 
area is in the angle h<>tweeii Lake iUebigon and Lake Superior, but 
does nftt comprLo any part of the drainage basin of either one of them. 
As the ice sheet moved southward the lake boatns naturally ofTerid 
the easiest lines of flow and ibc high lands between the basins were 
areas of greater resistance and elowcr flow. But wheji the ice 
attaimsl its maximum, reaching nearly to Cairo, III., aomo 50 milts 
across the Ohio Itiver at Cincimud, and to Beaver Falls, Pa., the 
Jake basins became relatively unimportant in their effect upon the 
ice movement, for at that time the ice ovmrhelnie<l them all, includ¬ 
ing even the high lantls between them. it retreated, however, 
^e relative importance of the lake basins In controlling the ico flow 
increased rapidly and by the time the iw front had withdrawn to the 
most southerly iH>iuta of the watershed of the lake basins it had 
taken on lobntc forms of u most pronounced type. In the latest or 
Wiacoiisin epoch of glaciation the farthest esteiiBicm 4if the ico did not 
reach so for south in iho regkai west of central Ohio as it iuul liofora. 
In XUinois it reached otdy alaiut half way from tlic shore of Lake 
Michigan to the Alississippl and Oliki Rivers. Beyond this the older 
dnf t shows now only occasional ridgiugs b ugjgesting termlniil moraines. 
The great morAinc system w-hlch is conspicuously related to the basins 
of the Great Lakes belong)i to tho ^ isconsin or latest glacuttiou. As 
the ico drew hack, each lake basin, at the Lime uf most pronotutced 
lobaiion, had its ice lobe which conformed to the outlines of ita 
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Bouttii'irii |iPirt witU nmiLrkttbk* kJelity, This oiomiiK^ Imd 

tli 0 jUitr^in (if die IoIh^ at thk ata^c un*. rouj^hly i'4>i]e4«ritrie 
with xiw bBwltiA And JU*arly jmmlliJ witli tJieir Houtliem jihinro* A 
iieprv^etit4iktu>tii>r Lkeeudiiicof the ici? Ixirdt^ 
successive^ piisitinfts la giw4v m Ugurcs L 



OOMPLEXITIK3 OF LAKE IIIBTOEV CATTSFJ) BTSTTAllUL OSCILLATIONS 

OF ICE FRONT. 


Till* pcrioilie (isciUatJoiiB iu the rtt^Mkt of the Wi&con»m ice sheet 
intrcKluced a pociiliiir eomplexitY into the lake history. The strou^i: 
or pmieipa] recessional moraines, called stadial moraiin^i nuirk rela¬ 
tively Jong mtervals of time—^verai hiindreck of yearn, perhaps 
more than a thousand- Eairh whole period of osciilation is involved 
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in a starliuTn and & atadid morarnp markA th* furwarcl climax «f one 
of periods. The readvajico U> titadial mominc otjvm-'tl a 
Yetry cnmsjclemble dfetaJice^ cortAhily in seme cage^ 25 ti> 50 zmle^ and 
perLapg tvrko Art much. The long interraLs of time between the&o 
morainic account perlmpd to some extent for the commonly oljserved 
dbeordant relation between them. Each stadium in turn h marked 
at iMfriodk intervals by w caker murahiea which are Auperijo^l m|>oii 
L hc‘ fiUilk. These mark euteddiary hatta or parhaija alight read- 
vatic^r and tln^ U a numerous Aeries of them in each stadium. 
Tlicre w^as, htiwcTerj only a sliglit tuoYemeni of readYimee asAociau-d 
with these minor gtadial moraines, and they record less strongly 
nnirkcd and shorter ]>eriudic climatic rariatioiiri. 

The imjMirtaiit oscillatL^ry variation in the retreat of the ice, 
m far m its effect on the lake history is concerned, b die stadiol 
of^cilluticm. IIh i-elatively long period and the wide gpaeo covered each 
time by the movement ol readvimce make it the chief cauae of com- 
ph'xityp for afu»r lakes were lowered by a retreat of the ice the atadial 
ri^udvancc was likely to close the outlet Last opened and reel^vate the 
laki* to a higher level. Three lUne&> certainly^ and perhaps four or 
live timet^p tlib kind of chiurgc affected the waters of the Huron-Erio- 
Ontftrio biisuu During severai oHcillations the ice front stood m 
critical relations to the laud bairieTS that held up the laki^ and changes 
of relatively slight amount in its pusition opeuDd or closed outlets 
and changed the level of the hike watcre. 

Considering the apparent character of the glacial oscillatiaus, it 
fw^ettis m'cegsary to Uike account abo of the halts of the ice front at 
the backsteps or dimaxi=*ft of retreat. These probably affected the 
Eake^ and lusted as lung as did the halta on the stadi&l moroinea 
wliirh mark Oie climaxes of advance. Tn one case at least there b 
remarkably dear and complete proof of the long duration of a par¬ 
ticular lake stage which exbtcd during the panue at a hackstep or 
dimax of retreat. 

miEF CiUTLlNK OF THE OREAT LAKES HISTORY yCRlSG AND A PTini 
Tin: RECEflSlON OK THE LAST ICE SHEET. 

THE ViaST SMALL LAHL^. 

As soon as the Ice front w'lthdrew to the north side of the southern 
w'aiershe^I of the Great Lakes, small ice-dammcd bke^i began to lio 
formed^ Li Ohio a number of such lakes appeared along the north 
side of the divide south of Lake Erie, It seems a necessar)" inference 
that in consequence of the stadial oscdlations of the icc many of these 
earliest small lakes were first formed at an extreme podtion of retreat 
and then overridden and obliterated by the next readvonce, indeed, 
in some cosi^ this may have occurred two or thret* limes before the 
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early begini^mgb^ of the laj^*J- Inka^ beoarne well established. There 
h «ome evuleiu e of thw aort of dein^lopment at Fort Wayne, Inii. 

The earliest 5 tmall lakes dbehargeil at first southward mdcpendently 
through several gaps in the divide; a little kto they fell to lower 
levels and discherged westward to a lower gap, and iinally Into the 
first smaJh narrow representative of glacial Lake Maumee. Mr. 
Lcverett hiw already described these earliest lakes in Ohio.* OtherN 
of same what aimUar origin w'ere formed along the east siiie of the Lake 
Michigan biLsiii. WinchelJ * has described a series of small lakes that 
preceded the larger lakes in the western end of the Luke Superior 
haiiin. 

So far as ]im l)ceri made nyt by tlie ^tudy of the mominoap e^pe- 
eially with reference to their continuity from one basin to another^ 
then^ to kas’a been veiy little difference in the time when the 

larger lakes began to form in the western end of the Lake Erie and 
the southern end of the Lake Michigan basins. TI\Tien the ice front 
had Tvithdrawn to u position a few miles north of the watershed at 
thu south end of I^ake .Michigan and w'as huUding the later mcmbei^ 
of the lake-border group of momineiiS, there wus a longt i^lenderi cri> 9 - 
cont-shapod lake between the ice and the land. This way the begm^ 
ning nr first stage of the glacial Ijibe ChJLCJigi> (fig. 2, position M), 
Simjliii-ly, w'hen tlie ice front had retreated to o position a little east 
of the w'atorshed at Fort WayneT Ind., another long^ nairow'j crescent- 
shaped lakepcalloil gUciid Lake Maumee, w'as formed between I he 
ice and tJie latuL If the rnoraim^ have been rightly interpretedt 
these two lakes emne mto esistenee at about the same time. A tliird 
lake of the same kmd way fomicil in the some wav at the western end 
of the Lrtike Superior basin, when the Lake Superior ice lobe first 
fibrajik ivilhin the line of the watershed west of Duluth* The time 
of its first appearance relative to tho first lakp^i formed at CTdcagn ami 
Fort M^ayno U ahnwn by Leverett’s work in 1910 to bo considcnibly 
later. 

Two small lakef^, fnniied probably at about the same Lime as Lakes 
Maumee and Chicago, gathered m front of the Green Bay lobe of ilie 
ice yheot in Whsconain and diycharged^ the one soutbw'anl to Rock 
River and the other southwestward to the Wisconsin River. These 
lake^^ however* did not have an independent exiatenro long. They 
soon unitCil in one body anti w'hen the retreating ice opened a 
parage eastward to the basbi of Lake !klichigain merged with Lake 
Oiicago. 

Frt>m these four relatively small beginnings tliere grew a ycriea of 
gbicla] lakes the like of whlchir for sLko mid eomplkatct! history^ h 

^ Fnak^ OliKia] rommam u*! dniiufe Imwn thm Edd O'lila NMlU, Wh». U. S, 

&«l. =SiqTTfy. tqL ^l, iSOiF, PPL ilf3^L 

t WlJhJjell, K, IL^ Obdin OfoL Sue. Am. aua, vgL Iflftl* pp^ loO-m, I pL 
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not known in any othar part of tiio workK TUo total co^eirod by 
tboir waters from first bo last waiR much greater than the entire area 
of the present Great LakeSp but the whole area wad not covered at 


any one time. Only one glacial lake of larger mzo la knomi tn have 
existed; this is Lake uhith ov'erspreud northwestomMinno- 

aotap northeastern North Dakota^ and a great area in MaaiLoba and 
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Ssskatchr^wari. Th(* hktoiT »f J-iike AgiL'ssiK njipciirs lo Iihvp Jaen 
TPry simple in coniparUoii, for the Hasin wUii-h it omipied was sim¬ 



pler in form Bud the relations of the ke sheet to It wore much less 
complicated. 


rin. fi.—OuctAL Li Km wmrrutnsrr, aAnm^Wt ani^ 
Ilf vmik It. TajIut lithl FfuiK IVlD, 
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otJiCiM. of this inino?i-EaiE basin. 

TTio kiwlanJ wkicli slretchps from Lakt‘ Huron iiouiihwflril to 
Erio! was abaxiftori^^d by the? ire sheet- in the middle stages of the de\*ei- 
opnieat of the gLmlal lakes^ hut continued to bo covered by tho lake 
watere, so that the waters m the pioutbem part of the Labe ITumn 
ba5dn were jome^I \d\h. those in the basin of Lake Erie ns one, and at a 
Interstage thia exlansi^^e lake was further expanded so jis to cover the 
w^tem and south western paria of the basin of Lake Ontario, 

Tbo atjecessioH of lakes in this basin is mure complex than in any 
other part of the lake re^on. These eomplcxitit^ grew oat of sev¬ 
eral dtlTerent cuuses: (1) Tlie eonliguratWn of the chief elenieuts of 
relief, relatively deep basins separating tho higher laiuls^ and the por¬ 
tion imd varj^ing altitude af the watershed aeiith of tbt' lakes; (2) 
the general direction of the glacial retreat and the trend of the ice 
froiil with reference to these features; (3) the stadjuL n!;^! ill a (ions of 
the ice sheet during retreat, comprising not only periodic movements 
of retreat and holt^ but also fdternating movements of readvaheo over 
relatively wide Intervals of apoc-e; and (4) (especially in lUa biter 
at ages i thi* tilting or nonhward diJTercntial ckvution of the lontL 
The stadia] reiidvanoes lntro<lueed the greatest element of complexily 
and produced their effects chiefly by closing outlets and riuslng the 
level of the watcivi. This iKCurrcil repeatedly after the waters bad 
bos-n lowered not long before by a movement of retreat^ 

South of a line pas^g about 5 miles north of Birmingham * Mlrh*, 
and through Ashtabula» Ohio^ the old beaches of the TIuroii-Erie 
baaln are all hoTisonta!; north of it they rl^ gradually toward tho 
iiorth-northeMt. Tlic area south of this hingeline is known a^ 
the nrfa of hmzontolity* The flucccssion of lake levels wi tliiii tlua area 
is shown in the table below. The order of occurTcnco on tho slnpo 
id show u by ihelr altitude in feet above 2 iea Icvcb beginning with tbs 
highest; their order in time is sliown by the numbers on the left. 
The beaches that were submergi-d anfj moilifie<! hy a ri^ of the lake 
level duo to a readvance of the ice are put in itolire. 

1. Eirnt or biglirat Jlaumpcj 7!H1 fccL 

p 3. Middle or main Maumee, 7S0 feet, 

2. Lowtjit 760 fact. 

5- WliJtllcsiry, 73.'i fccti 
4, Artona, 710-6U4 feel. 

7. Warren (Forest), 6St) feet. 

G. Hhj,™, G60 feet. 

8* Grassnicre, 040 feet. 

9. Lundy (Dana, Elklon), H20 feet. 
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LkKK MALWK. 

Lako Maumee had at least tlim* ilktinct stagea, and possibly more* 
Tlio stag»39 tliAt are cleanly iliHortuiufid fixo as fl^Uu^■s: 

First siag€-—As soon as ihe ice front rotroancid oftaiward froni the 
mersiiia at Fort Wayne^ luJ^.p it obstructed tho noraial noTtheast- 
ward drainage of the MaunuN> Vallw^ and T^ke ilaumco came into 
existence* Tko outlet wag westward through the pivsent site of the 
city of Fort Wayno, thencu sDUthwestword to the Wabadi Eivor at 
Huntington^ and idtiruatoly ti^ the Cliiu and Mississippi Tiivers a.nd 
the Gulf of Mexico, Thfl next stadiid moramo to bo fomied in the 
Maunieo Valley wag at Dofioncop Ohio (fig. 1 and p^^ition if in fig. 2). 
In view of the pfiriodicity and the wide space covered by the studial 
readvanoBSp it may Ix) rogardod as certam that when iho retreating 
ice front left Fort ’Wayno it did not stop iit Defianccip but receded to 
a point probably nut lass than 25 or 30 tuiles fiaai of Dofianco, and 
there halted for a cnnsiderablo timo luffore r<Matlvancijig* Tlicre w\iro 
also niinor oscillations during both of these movements* 

As the ice rotreated from ihe Fort Wayne moraine tho lake widened 
eastward, and long arms water extended eastward into Ohio and 
noTthoastward into ^fichigan Ix^lween the shrmkmg ico lobe and the 
land Possibly tho lake maint^iiiiod its liighcst level and discliargcd 
at Fort WfijTio during tho climax of ruireai, although thk b iloubt- 
fuk But during the xctitm of the ice frtuit to Defiance and its pause 
at tho Defianc* morame tho lake overflowed at Fort Wa)Tie. The find, 
stage ended only when tlio Fort Wayno outlet was finally abandonccL 

S^c&nd sia §€.—At tho next stage the ice front re treated a con^d- 
erablo dist anco fnmi the Dofiaiico moramo and opened a lower outlet 
sf>miD where near Imlay in fjipcscT Comity, Mich. Below iho upper 
or first beach uf ]-,ake JiaiimoR thr^re are two others which ovidently 
beloivg to tlib bko- DiWj which h c^ilmi tho nuddle or mam beach 
uf Lake Maunw^e, is 15 to 25 ft>et below Ulo upper or iirst l^eadi, 
and is a normal wave-maiU slioro lino of moderato strength. The low¬ 
est beaclt k faint and fragntentary, and shows groat modificaiiun by 
submotgonca since it was rnado* Tt k a1x>ut 20 feel IhsIow the middle 
beach. Thc^w two lower bmeheg have a curio^is relation; Ciuinting 
the beaches down tho slope, tjie third btuirh was made next after 
the first, and then tho level 4>f the lake was raised and tho second 
beach was made at a higher level. The storm waves which ma<ie the 
second beach swept over the gravelly ridges of the earlier one below^ 
os the latter lay in 20 foei of W'ator, and almost destrojcd them. 
Hitneo, when the third ur lowiist bench was being made Oio lake was 
ill the s^HTOJul stage. The locution of the outlet for thk stage k uot 
kiiown viiili ffirtainty. It nxuy have passed northward e fow miles 
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43iiai of Imlny and liipiico wt'st^ard into tho Sttgina^’ hasmr Oat if ao 
was ovOTridd^sn and oldiim-^tti^l by u rttndviincfi at iJie ioe- 

TKmZ 6ta^e.—yVh.m the ko front r^^dvancod it idosecl the outlet 
for the eecond atiige^ and moTed weetward to a position rlnso alonp: 
the east sido of iho pout Imby outlet dianiieh which pass^is nortlL- 
warcljust eoflt of Imby. This channel shows ovidonco of having 
been crowtbd wesft’waril by the moraine idong its oast side. At tliis 
at ago Luke ^bumce was almoat high enough to over Bow at Fort 
Wayno, 

Wilton tho ke retreated from tliis lost pusiiioii it opened n very 
tomi-Mj-rmy untlet across Tuscob County^ ilich., but it did not open 
a pormanont new out hit until it IiaiL retruatod many miles to thn 
nnrthj toward tho nonh ond of the Sagumw peiiinsuluj «r '^thuttibJ^ 
Tlie oiHiEting then madt^ huweverp. allowed tlie lake watera to faU 
quite suddenly to a iimch h^weT level. 

Ai this Mtago Lake Ibutneo ruocheii its greatest oxtentj atretcMjig 
fnini Now Hhvcii, Ind^^ to a point aeverei miles north of Iinlayj 
iiirh., and on its south side to a point a tmk east of Girard^ Pa, 
(fig. 2j ko border at IT). In its horizontal part the thirtl boach is 
TtiO feet above mtk kvel. The fronts of tho eontompomy ice IoIm^ 
were probably a few tniles east of Dotroit for the I^e llumn Jobo 
and peirluLpa 4(1 ur 50 jniJos east of Toledo in Ijike Erie, At its front 
tho ke was thoroforo standing in water 150 to 2tKJ foet deep, 

hAKK e.XOIK.iW I 

During the l&Xvr stages of Ijike ^laiimee a lake appeared in tho 
Sagijiaw' V&Uey in front tif the Sttgiuaw' ko lobo (tig, 2), and tho 
Iniby outlet, river emptied into it. At first it wbb narrow ami 
rrescontrshapedr but it grevr Jai^r and wider boforo tho ond of Loko 
IIaiuikhs. Its outlet was through tho Grand River diuimel to glacial 
lake Chicag<^p a little west of Grand Kapids. I^ko Saginaw wea 
mergcii with J^uke -irkona, restored to iiidepomlenco during tho timii 
of Lake ^Vhittlogcy^ and morgo^l with Lake Warren befon'^ lU final 
e^inctiim by tho abandonuiont of its outlet- 

nLiiCIAl. J-A1^£S of TUK liUHON-KEIli-OJiTAnia 

hAKFr AftKOSA-* 

The nest im|HJitajit atngo of tho ice rotreat caused a siill more 
pndound change in the atatirs <d the glacial lakes. Tlio ico with¬ 
drew altogothor from the thumb** of Slkhigon, bo that the entire 
sweep of tho kke wat45jB to tlio oHstw''Hrd was allowed to fail to tho 
level of Lake Sagiimw and merge with that lake. J-ake Saginaw 

1 WbiM 11 sa^M£MX Js- u JjidapMulmt flacliUL# wm Umhua Uf Valk^y^ 

’TliA ]v^m |Mvc<dlBi JjJtM Ai^em litm kthAowI la LAe Hitem-Frlff I4ii4 d|4 uol lik:Jii4i tur 

pf IlH bMtn tt! LfelM Ontu^ L»^ WlifcOiwy, fatkwtnf lakm \jkmm, ^ nOH lo thft 
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hikd hi thft timiY tixpaniied noTthriistwaTdi and a strait 

scTcral mili’^ vnil^ hail opcncul pnat the And of tho '"thnnib.” TliLs 
lak-t'p which is called Ijike j^konftr stretched fri>m the 
vicinity of Gladwin, Widi,, t« aeme point at least -40 or 50 milea east 
of N. Y.| and covond a considerable part id southern 

Ontario, Its outlet was wr-st wanl thTOuj;Ji the riranil liiver chanuel. 
Its rtltituclo above sea level M^a$ ftol to 710 feet* 

West an<l Tiorthweat of Port Huron threm beach ridges formed liy 
this lake are known as the Arkona boachee* After they lm<l b(>pn 
foraiod the ice front made a prtmounced madvAnco^ and before it 
liaUed it moved southward up the slope of tho thumb to Ubly- 
Tbis movement had no effect upon the waters in the Saginaw Yal!tiv% 
but it rabed their level over the whole lake area cast of the *"thuiub^^ 
about ^0 foot and submeriged the enltre extent of Lho Arkona bcacb^^, 
excepting those parts wliich lay in the Saginaw Valley. (See Jig, 
with ice border Wd 

aAKE wnm’LiwsEv, 

A 

Tlio surface of latkn Whittlosoy (fig, 3) stood about 2R feet above 
llie highost Arkevna iHsach ridge in llie region iiorthwost of Port Huron 
and -14 feet abyvo tho lowest. The ico front <luring this tiriio reslnci 
on the Port Huron moraine. As it advanced up the “tlmmh” tho 
ice which built tliis moralno overrode the Arkoua beachtra hnd buried 
a ctnasiflorabio of them on ike nonkern part of tho ‘Hhumb** 

bonmth tho tortniiud nioraiiio or under out Wash. In tho southym 
part (d the Blaek Klver Valley northwest of Pi'rt Huron tho Arkoua 
beaches were not ovcrridoUi nor were they buried, but they were 
proteciod from the waves of I*ake Wliittlesoy. Within tko valley 
they are stn>ngly dfiveltipod gritvoily bom^h ridges, ami show nii modl- 
bcation due to submorgence. Outside to the south they were almost 
entirely washed away by the storm waves of I,iake Whitt leaiy- In 
many places so little rcmairia of them tliat they are triiC4wble EUily 
with much diffieuIlyH. Althovigh they vrere 28 to 44 Wt under the 
water tho stotm waves swept their gravels rapidly up the doi^ and 
built them, into the Whittlesey l>eaclL The Wliittlc^ty l^each baa 
characters which indicate tliat it wae pushed up the slope ita it was 
made, and also that it was made rapidlyj Utr it stantia verj^ high abovo 
the adjacent land anti & peculiarly itulcpendent of lopographyj ctosa^ 
big valleys t>f moderate tlepth in a direct line like u ruilroail embank¬ 
ment, The correlatives of Lake Wliittleaey in the Saj^aw and 
MjckigtLQ basins are shown in Sgttre 3. 

UaIlE WATT'S, 

The next beach below the Arkona is the Warren. But^ as was tho 
ease with lie Whittlcsej beach, tho next beach below the Warren 
shows evidence of having been submerged and modified after it was 
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easfi i>f Imlay and tiis^nco Wi?stwujd into the Sitgumw but if so 

Wi\s overridden and oblitemtod by & rsfidvimco of the ice, 

Tliird When ilw ke front roadvimcod it vU^acHl tlie nutlet 

far the Becond stu^p imd moved wostwivrd to a poi^ition cloao ideng 
the 04 ^t side of the groat Imlay nutlet chajmeh wliicli north¬ 

ward just of Inday. This cluanuol shows evidence of hax'ing 
1*0011 crowded westward by tlxo moraine along its east side. At tliis 
stage Lake ^laumee was almost high enough to [weriiow at Fort 
Wayne. 

\Vlien the ieo rt^lreaiod freni thLs last posithm it opened a very 
temporary untlot acrttas Tuscola County, llich.^ but it did not apon 
a pi^nxiuieiit new outlet until it liad retreated many miJi^ to the 
north, toward the north end of the Saginaw peninsula^ or ^Hhuurb.'^ 
Thu opeimig then made, Jiowovcr, eJh>wud the lake waters to fall 
quite suddenly to a mueh iiiwer leveL 

At this St ago Ipako JIaumee reachod its greatest oxtent, stretching 
from Xew TTavon# Ind,, to a [H)mt several miles north of Indajp 
Mkh.^ and on its soutli aido to a jKimt a Htilo east of Girard^ Pa, 
(fig, 2f ice border at 11), In its horkontal part the third beach is 
760 feet above son level. The fronts of the contempotaty ice lubes 
Were prtibabh' a few miles east of Detroit for the I^ako Jfuroii lobe 
and perhaps 40 or SO ndJes east of Toledo in Ijake Frii^* At its front 
the ICO was therefor# stat^dhig in water L50 to 200 feet deep, 

LAStE SaOIKAW.l 

During the later ntsges of Lake llaumeo a lake appeared in the 
Saginaw Valley in fitmt of the Saginaw ke lobe {fig^ 2)t fiJid the 
Imlay outlet rivor emptied into it. At first xt was narrow and 
c^rcseent-Bhapefl, but it grew larger and vdder before the end of Lake 
Maumiw. Its outlet was throngh the Grand River chcutnel to ghieial 
lake CMcagn, a little wixst of Grand Rapids. Lake Saginaw w^ 
merged with T^tke Arkona, restored to intlwpendeixce during the titne 
of Lake IVldtilesej^'j and mergiod ^ith Lake Warren brfore its final 
extinction by the abandomnent ai its outlet, 

ouicxAi. TATCyjq or TUX itunoK-nnix-iijsTAmo bastn:, 
tAKK AREOXA,- 

The next mxportant stage of the ice retreat caused a still more 
profound change in tlie status of the glacial lakes. Tin? ice 
drow altogeihor frotn tlxo thumbof liichigati, so that the entire 
sweep of tho Iftke waters to the eastward was allowed to faU to the 
level of Lake Saginaw and merge with that lake. Lake Saginaw 

^ il (aaiAdM ua SAfiLiiAw wu Ikmia^ ta EN Hactoitw 

1 Th* l&k» pitH»SlHf TjiJsjti AtIUJU waj* isgcJU^cHl to ihM Duraa-E^ Md iliA iwl EntlUisl* luij: 

liutor iho ol OnUTia; LtJkr WhUOs^tr, fc4low|»C L*A* Aftcmn, ™ iJaa to |Ih 

K^iruft-Erir iMiitL 
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had at thn sairifl timfl pJCpamled laTgwly ndTlhcastiirnTd, and a slrait 
aoTorttl milps n'idB hml opened past the anil of the "thumb." Thii 
edargocl lake, which is called Arkom, Btretchod from llio 

vicinity of Glad^vin, Mich., to BOmo point at least 40 or 50 iniJcs cast 
of Bnilalu, X. Y,, and covert'id a considerable pert of sou them 
Ontario. Its ontlot was westwiirrl through the Grand River channel. 
Us altitude abive sea level was 6ti4 to 710 feet, 

M'flst and northwest of Port TTiiretl throe beofli ridges formeil by 
ihia lake are known os the Arkona beaches. After they Ivud i»cen. 
formed tlie ice front made a pronounced reodvance, nricl Itcforo it 
halted it move<J southward up the slope of the "thulnh” to I’bly. 
'ITiia movement had no cdToct upon the watois in the Sajpnaw % allc^i 
but it raised their level over the whole lake area east of the "thumb” 
about 40 feot and siibmoi^ed the entire extent of the Arkona beaches, 
(scepling those parts which lay in the Saginaw Volley. (See lig, 3, 


wiih ieo lM>rder M.) 


lake wittTTLrarv. 


The surface of lake Whittlesey {fig. 3) stooil about 28 feet above 
the highest Arkona biuich ridgo in the region northwest of Port J furon 
and 44 foci above the lowest. The ice front during t lds time rested 
on the Port Huron moraine. As it advanced up the “thiimh'’ the 
ice which built this moraine ovorrodc the Arkona beaches and buried 
a coiiaitlarable extent of them on the northern part of the " thumb" 
botinath the temiiiinl moraine or under outw'osh. In the soulhent 
part of tho Black Jfiver Vailoy northwrat of Port Huron the ^ilrkoua. 
heochcu wore not overridon, nor were thf^' buried, but they wore 
pn>tected from tho waves of lioko Wiiittlfiscy. "Within tho valley 
they are strongly developed gravelly biiaicli ridges, and show no motli- 
ficution duo to submergonco. Outside to the stiutli they wera almost 
entirely washed away by the storm waves of Ivako Wliiltlosuj'- In 
many places sf) little remains of them that they aro traccablt) nnly 
with much dUneulty. Although they wero 28 to 44 foot under the 
water the sionii waves swept their gravcla rapidly up tho slope and 
built them into tlio Whitllesey beach. Tho "Wluttlesey b'lieh has 
characters which indicate that it was pushed up the slope as it was 
jiiodo, and also that it was made raphlly, f(»r it stands very- high above 
tho adjaeont land and is peculiarly iiidependont of topography, cross¬ 
ing valleys <J modotato ileplh in a direct line like a railniad embank¬ 
ment. ^o wuvoiativos of I-ake "Wluttlraey in tho Saginaw and 
Michigau basins are shown in figure 3. 

LAEE ^AYN'E. 


The next beach below the Arkona is tho Warren. But, as was the 
with the Whittlesey beach, the next beach below tho Wamon 
showa evidence of having been submfirged and modified after it was 
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jmd ibf? Wam>n birAcli is* i Jic'refore thtj busu'-h of a rai^l Ukc* 
Thfl Wa\Ti# beach isgenoniUy Mm and on Oic tJuunb'* of IficJiigan, 
where it is gravdJv^ slioaTi fliatinct ovidciico of submergence aad 
fnodificfttjon ufior it wfi^ made. ExC€^ptmg on tho thuinh,'' it h 
generally sandy and without markcMl diaract^^istics. 

Vnmi the ^Ipliitticaoy beach iho lake level appoare to liave dropped 
quite abruptly SO or ^ feet tu the Wayno Ixmdi. This drop in the 
lake levid was, of coursCp due to a movement, nf it'trcat on the part of 
the ice fnmti Thn Wayne ifoadi liif* iit a levol in the Saginaw 
ValJey barely biJow Lhe head of the duinrid, which hufi oervod aa tJio 
outlet of J.!ako SagiiiiiiA\ At the same tmitT It is (luito certaiti that, no 
outlet wuaopi^n toward tlie norOiwrst through the Straits of Mackinac* 
The outlet at the Lime of this beach HfsuroB ttj have IxH^n in the east 
along (he ice margin, where It rcated against the hilh south of S}Ta- 
cuso, K. Y. 

U■AnRE^^ 

Here, aa in Lho provioua LTio ice frtmt. readvance^Ip R^vcriifg 

part of the giv>umi previously vacated. This nioveuirnt closed tlio 
<juthrt which iiid recently been opened near Syracuse and raised Lhe 
lake to the level of lho WatTOn beach. In the Saginaiv Valley the 
Warren beach passes 2li to 2f> feot itbovo the col at lho head of the 
Grand River ouilet channeL Tho col is extretnel}" flat and much 
covered w-ith dunes. 

In Michigan the "Warren lioach oxtemk up to the vicinity of th* 
Aiit Sable River, north of Saginaw Bay (fig, 4), but has not boon 
identified fartherK In New Y"ork it hos boon traced some distance 
east of fho Goneseo River, Its limite in Ontario have not been 
dMennined, While the W^arren bonch w'aa bedng made, lho Wayne 
beach was being dt^glroyed, and the Warren heuch, like the Whiitlcseyj, 
ohowfi in S{>me places, but not so slrongly, (he eharactem w'hidi lndi“ 
cat* rapid accimuihition. The correhilive of l 4 ikf 5 Warren in tho 
Michigan basin is shf^ra in figure 1, It is probable that a glacial 
lajce^ kjio^m as Lake Duluth^ »dso then exktcfl in tho westom part 
of the Superior basin wilh outdow soulhward (hrough St. Croix 
River. 

In the later stages of tho lake waters, from Tjoko Arkona oii;, the 
area covered by tho lokoB^ includorl not only Lho basin of Lake Erie^ 
but a ]iart of those of Lakes Huron and Ontario also. In New Y^ork^ 
Fairchild reporta evidences of u retwlvimco of the ice and raising of 
lake level later than the one which afrect^Hi Lake Warren* ^Hiat 
movement, however, appears to have been confined to the Liike 
Ontario basin ami had no effect upon the waters of the iliiron-Erie 
bitsin^ 

The beaches of all tho foregoing lakes are horizontal in the soiilhem 
part of the rf^on they cover^ but in the northern part they rise 
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sUgKtly towHril tJio tirtrth-oortheiiHt, Tho Ar<>ii <if horizontalit)* li™ 
Routhwc^t of A liiifl pftiwiiig about 5 mUas norilt of Birnungham, Mich-, 
to AsUtabutn, OhJn. This soonia to have been a aort of binge line 


for the earlier deforming movoinonts. Korth of it all the beaches riBO 
gradually in a direction about nnrth-'noiib.easl, but the eai'lier ones 
seem to rise or bond upward fiooner than the later once, as ihoiigh 
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tJio dpffUininf forci' lia<l tnigrat(«l »l(nr^y tKirthuard, following tho 
retrcHt of tiw* ice front. 



r,A1{B Ly?»Jl¥ (liAKE OaXA, I.AICE ElICTOX.) 

Wlipo the waters fell from tho levd of Lake Warren they hailed first 
at the Grassmero bearh and later at the 'EUctoii beaich} before the final 
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itcpATittion from llto wRtors of iho Loko Erip bnsmi Both of thcso 
lioiichps lift VO <11^3* motlofatcs strongLli- On tlio outer pnrt of tho 
*'tiitinvb*' of ifichignn they ara both split up into sovol«l faintor liaw. 
Tho\’ Mtv gonoralfrgravciry on tio " thumb," but arosanffy olstiwhere. 
They have been atudiwl very little east of Michigan , probably in part 
because they ato weak* 

These beaches mark a transition stage of tiw lake waters 'the 
transition to Lake Atgonquin, tho largest of the glacial lakes in tho 
Great l^akca region. Tho outlet for both stages nf Lake Lundy was 
probabl 3 ' near Syracuae, N. Y. (fig. lilf but eonnectioti w'ith that region 
has not been established bj' continuous tracing, 

On tho “ thumb" those two beaches show the most remarkable 
cxamplo of uorthAvard splitting that has been found. The outer part 
of tho “tliumb" was being elevatwl while these two lieachiss wore 
being made, and each ono splits from a single beach ridge in the south 
to four or five separate wealier strands covering a vertical interval of 
25 or 30 feet. In the area of horizon tali ty iho Grassmere and Elkton 
beaches have altitudes of about 640 and 620 feet, Tesjwctively, 

Difierontiol elevation has raised tho Watreti beach at Aldon, Ji. Y., 
20 miles east of Bullnlo, to an altitude of S45 feet, or about 180 fet't 
higher than tho same beach in the area of horlaontolitj' in Ohio and 
southeastom Michigan. In the same region, oust of Buffalo, tho 
Lundy or Dana Iwaclx is about 150 feet bdow the Warren beach, 
and descends toward iho south or southwest at a mto not ^’’et accu¬ 
rately detenwined. But the altitude of fmgmciita 30 to 40 milivt 
west of Buffalo being G40 to 645 feet, It seems almost certain that this 
beacii becomes horizontal at some point farther west and at a slightlj’^ 
lower level, in<licating that it is the eastern cturelative of the liilkton 
beach of Michigan. On the south side of Lake Erie the attitude of 
the deformed pianos of the higher baachea suggest that tho Lundy 
beach probably becomes horizontal near Erio, Pa,, and continues so 
westward. 

At this time the ice barrier stood not far from the present south 
shore of Lake Ontario north ol Buffalo, with relatively long and 
narrow arms of the lake waters extending east and west along its 
front. With these Lake Lundy was connected by a strait 25 to 30 
miles wide, extonding northwa^ over the Niagara region, the <lopth 
of the water being 90 to 100 feet at Buffalo and Niagara Falls, 

OLACIAL IK TUB UXSIK OF LAKE ONTARIO. 

LQCA^ ULACI4L LAKES. 

When tho Loke Ontario ice lobe had retreated far enough to 
uncover tie southern parts of tho volleys of the Finger Lakes in 
central Now Yoik, small lakes gathered in them, at first ns separato 
bodies. Wiih continued recession these lakes wore lowered and 
1012 - 21 
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combmoH in a complex of dumges leading finnIlT to the later, 

IflTger lakesi that filleii the whtile ba^in of Ijako OntariD, The sxio- 
co^ion of changes has bt=Heti set forth in considerable dot4^il by Fair- 
child ^ and illiistrate^l by a series of majiA. The Jir&t local glacial lakoa 
had independent outlets toward the south. 

LAKE NEWS an RY. 

Following thb the dozen or more Binall lakes in the " Finger lake** 
Yalleys had merged into one lake, I^ake Kewlierryt with ita outlet 
s^iuthward fn im Seneca Lake to the Susquehanna River. 

LAKE HALL. 

At a slightly later stage of recefjsinri an outlet {<*r these ivalers was 
opened westward to the glactal watei^ in the Lake Erie basin initiating 
Lake Hall. 

LAKE VATfU.tEU, 

At fl fttill kter stago an cm tint was opened eastward to the ^fohawk 
VoUex' and Lake Vanuxem resultefL .4ftor this there isios for a 
time free drainage eastward with only two low^ siuaII lakes, one in 
tlie Genesee Valley and one in tho valley of Cajitga Lake^ 

Following this stage the waters of the southern part of the [jake 
OntfLiio waterslied merged with the glacial waters in the HuTOn-Erie- 
Ontario basin. They arc dbeussed above under the heading "Glacial 
lakes of the IIuron-^Erie-Ontorio basin.** 

LAKE DAWeON. 

Wlien the waters had fAlleu »o m to separate those in Lake Erie 
from those of the Lake Ontario basin, the outlet was e^iabliohed 
eastward post Syracuse. N- Y,p and a number of osuliationa xif lake 
IcA'cl probably occurred corresponding to sUght retreats and read- 
vances of the ice front. These changes affected the height tind eroding 
power of Niagara Falls. Toward the end of these o&cillatinnfl the 
relatively high ground caet of Rochister beciime a barrier against 
which the ice front rested^ holding Lake Dawson in the Lake Ontario 
basin west nf Rochester^ wMl© a smaller lake into which it flowed 
filled a tiaiTow strip farther east and emptied into the Mohawk. 

lake rnoQcois. 

Finally the waters of the T^ake Ontario h a±dji fell to the level of tliB 
pass at Rome, N. Y.p and disdiaigcd eastward through the Mt^haw^k 
Valley. (Fig. 6, ice border at position Td Thb establkbeil Lake 
Iroquois, which endured for a relatively long time. The land^ how- 
evor, was strongly uplifUd around the north aide of this basin w-hile 
the lake was discharging at Rome. Thb backed the water up on 

1 iktirhiM, M. U* Obd*i w»l*ra la ecflEnl Srw K* Y+ 6H4 a B riiaa li w i l>p(iartiEifctii UaQeilji No. 
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its south and west shorts and caused it to fail awaj from the tujrtlwra 
iLiicI dtiatfTTn ehore^T^ 


LAET^ X, 


Wlic^CL the reti*eating ic© opened fl passagii fustwanl around the 


nortli side of Oie Adlrondftck ^[ountains to the basin of Lake Cliatn- 
plain C%. G| ice border at position 1) iho outlet at Kome was abim- 
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Folio wing this tho lako l&vo! fell as the ice ^ithdreWj until 
the 2 =eaf which then stood relatiTelj higher than now (523 feet higher 
near Cotot Hill,i on the northern base of the Adut>iidacks^)i entered 
and turned what had hMn a glaidal lake into a marine giilfh The 
changes of the water levels in tho Lake Ontario h&dn, how^ever^ 
have not yet been fully worked out. 

OLACIAC^ I-AKES IN TIITt ilASX^S OF MICHIOAN. 

LAKE emCAOO- 

While this complicated history was being enacted m the Huron- 
Erle-Oiilario area the glacial watery in tho basin of Lake Michigan 
were aba undergoing an expansive developments In tliis case, how- 
ever, tho changes were extrejiiely simple, for until the very last stage 
no critical ground affording a new outlet was cncounterorL Such 
ehungea m ocxauT<Nl were due to erosion of its outlet or to changes in 
tho volume of dbcharge. From its beginning as a narrow, c-rc?sccnt- 
shaped lake at the extreme southem end of the Lake MJcliigan basin^ 
Lake Chicago expanded northward a^ the ice receded until tw<i-thirda 
or three-h>urths of the basin waa uncovarod, as shoT^m in iigure!;i 2, 
3, 4, and 5- In all probability the retreating ice front performed 
licrc the same series of oftcillatioiLs^ with strongly marked retreats 
and readvances, that took place in the Huron-Erie basin. The evi* 
denco of these osciilationa, however, is not generally so well markoJ, 
becaui^e critical dmngesj were not produced by them. But some of 
the airiingPT morainca mark readvances that owerriilo beach ridgiea 
which had been made just previously. 

The Port Huron moraine skirts tho north side of the high ground 
of the aouthorn pcrmisula of MieJugau and appears to be correlated 
with tlie Whitehall moraine of tho Michigan basin. 

Studies b}* Aldon^ under tlio direcdon of Chamborljiin, on the west 
side of Uic ilichigan basin have developed evidence of a distinct 
readrauco of tho ice southward to Milwaukee choraotcriKod by a 
doporit of red till, and tills probably coTreliitcii with the Wldtehall 
moraine. T^iitor rhlgca of red idb which como down, to the shore of 
Lake Michigan near ifanilowoc and Two Rivers^ Wia., altia ficom 
likely to correlate with the ifooistee ridgea on the oast dde of the 
lake. This oorrelatinri is Inferred not only because of (uniUar p<iai- 
tions on opposite aiJeo of tlio lolw ami in reference to earlier 
moraioes, but also because these later morainic ridges do not appear 
to carry tlio Glen wood and Calumet (fimt and second) beaches of 
Lake ChtcagOj whicb are pre^nt on the Whitehall moraine. Two 
lower beaches in tho same area seem to have wder coimcctions. 
The upper one is the Toleston beach, 24 or 25 feet above l.ake Mich- 
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Igim, and tlic Nipissing btath, about 15 feet above the lake. The 
munniit b tlia Ctuvttgo oudet in the southwest part of lha city is 
only 8 feet above I-.ako Michigan and is a broaU, flat region much 
oba’tructeci by low, sandy ridges. The Tolcston beach passes over 
this btoad divide at » level high enough to have permitted Lake 
Chicago to discharge over it, even when receiving the discharge of 
Lake ^Vliittlescy or Lake Warren. Neverthchss, the Tokston beach 
seems to be contianous with the Algonquin beach, which is present 
in all of the upper three lake basins, and part of the overflow of 
Lake Algonquin may have been by way of Chicago for a time. 
When the Humn-Erio watera were discharging eastward jiast Syra- 
cuBe, the vnlunic of discharge at Chicago ivas largely dlmiiushed and 
tile lake stood slightly lower. 

Wlicn tho ice lobe in the Lake Mioliigan basin retreated into the 
northern part of that basin, it uncovered ground of critical interest 
on both aides. On the west side the glacial waters of the Luke 
Superior basin had been hold up to a higher level than those of Lake 
Chicago,' and ivhen sn ojjcning occurred around the hills southcasi 
of :Mur«[uette these waters were druiueil southward along tlie western 
edge of tho Green Bay lobe of tlie ice sheet and ulthnaldy into Lake 
Chicago. 

Bonkriitg the west ahore of Lake Michigan and extending into the 
Green Bay-Lake Wumebago trough and the Fos and Wolf River 
valleys is an extensive deposit of red clay, partly laminated, partly 
pebbly and massive, which was described by Chamberlin‘ in his 
Geology of eastern Wiseonsin. Later study of this deposit by Alden,* 
under tho direction of Chamberlin, shows that tho larger part of this 
deposit, the massive pebbly clay, is to be inteq}reted as glacial till 
which was laid dottii during a rcadvanco of the glacier in tho Lake 
^lichigan basin as lar south os MBwaukee and of t)ie Green Bay lobe 
in the Green Bay-Lako AVinnebago trough to a point south of Fond 
tin Lac, Wis. Tho ice also crewcled westward in the Fox and Wolf 
River valloya. The red silt composing tho laminated clay and tho 
matrix of the massive pebbly clay is thought to hai’e come from the 
Lake Superior re|poQ, being brought into the Green Buy and Lake 
Michigan boauis by tho opening of a southward outlet southeast of 
Marquette, The first opening of this outlet must have been at or 
near the climax of the stadial retreat immediately before the read¬ 
vance to the first red till moraine. The phenomena indicate a 
rcudvanco over a relatively wide hiterval, and it seems certain that if 
a lower outlet had been opened by the retreat, it was eloeeti again by 
tho remlvance imd the level of the glacial waters In the western half 
of the Lake Superior basin were raised again to the level of some 
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eurlier, higher outlet. Perhaps tliia aocouuLs for tho fnintiipsa of 
90I11I0 of the boarhcd immodiateij aboTe the Algoaquui beach hi the 
Late Superior baahi; they uiay have been submerged mid obliterated 
after they wcTfi made. 

Od the east side, the retreating ice front hnully reached the atraita 
of Mackinac, where an opening allowed the waters of Lake Chicago to 
unite with thnwe of the Lake Huron bnain. Whether this mcigmg 
of the waters in the Lake Michigan and Lake Huron bufline occurred 
before or after iho opening of the Trent Ytdloy outlet at Sirkfield, 
Ontario, is not certainly known. 

OLACIAI. LAKES in: green bay basin. 

Very little has been written concerning the glacial lakes hi the 
Green Bay-Luko Winnebago valley and their extent has been as yot 
only partiiJly worked out. Upbani publiahcti a paper in 1903* 
suggeatiug the uamo Glscial Lake .Team Nicolei for a lake that 
dischiirgwl from the Fox River drainage past Portage, "Wis., to the 
■Wisconsuv Valley. This paper was not bused on any Herd work, 
except a visit to the outlet, and the existence of the lake was inferred 
partly from tho presence of tho outlet channel and partly from 
Chamberlin's ’ description of the red clays in tho Green Bay basin us 
lacustrine. As noted above, studies recently carried on by Alden for 
the United States Geological Survey have shown that the red clay 
was largely worked over and formed into morainal ritlges and till 
sheets by a readvaiico of the icc so thut the liniits of the red clay In 
thci Green Bay basin mark a glacial instead of a lake border. Alden'a 
etudiea have also shown that the lake history in lliis basin was aome- 
what different from that set forth by Uphom. There was first a lake 
that discharged from tho district south of Lake Wiimebago south¬ 
ward past lioricon into Rock River. This loke pemiatod until the 
ice which formed the moraines at the head of Lake Winnebago bad 
recederl for enough northwanl to open a passage westward from 
Oshkosh to tlio headwater part of Fox River. Then the discharge 
was shifted pust Portage to tho Wisconsm Valley. Later, when tho 
melting of the ice cleared the Green Bay peiiinahla the w-ateis lowered 
to the Lttko Winnobogo level and to a lake in the GrcoQ Bay basin by 
disehargbig eastward into Lake Chkngo. A eiimlar series of oveuts 
ac«ompwtie<l tho preceding receaaion of tlie ice front, and also, in 
reverse order, the rcadvanee of the ice w'hich formed the red till 
nioramcs.' in the pircsent hicomplete etato of the study one non 
hardlv forecast tho full suceession oi events in thb basiu, but it is 
evidoijtly so different from Upham’e conception that it aeelUB best 
to leave'the naming of these lakc^i untU a later lime. 

1 iBifi, ohL, **1, a, IKB, Pifc W6-U4 JIU4 s»-aL 
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auLCiAi. lakes i> the basin oe lvke sttpeeiok. 

Froia tho first sniiill leJica at extreme western end of 
the liako Superior basin the glacial waters expanded in & lonnner 
siiuilar to those just described for the Lako Ena and Lake Jfichigan 
basins. In the earlier stages, while the lakes were small, there were 
slight changes in outlet and lexel, though the early stages had outlet 
directly or indirectly to the St. CroLx ^ alley. 

LAKE PUL era. 

Finally came Lake Duluth w-itli its outlet southward through the 
Bru!6 and St. Croix Valleys. Lake Duluth endured for a much 
longer time than the earlier lakes, and at its lower levels expanded 
to a lake of large size, forming beaches found even on the outer iiart 
of tlio Keweenaw pcniuaula. Its outlet w'aa cut dotvti about 40 feet, 
lowering the level of the lake and causing the formation of later 
beaches below the highest. 

Sdveriil lower bojicbes wMch have been traced by Ifr. Leverett 
seem to lie too low for waters dischaiging through the St. Croix 
outlet, and hence may not belong to Lake Duluth. These suggest a 
place of overflow to the etist and south, around the hills south of 
Marquette. The outlet indicatetl by these beaches has not yet been 
determined. These are rather weak beaches, and suggest the possi¬ 
bility of submeigonce in consequence of a readvanco of the ice after 
they w'«re made. There is independent evidence of such a xeadvance. 

GLACIAL LAKES TKE SLPEBIOB-UlCHlUAN-IlirRGX BASIK. 

LAKE ALOOSqVDi.i 

In the outline given uIhivo the succession of lakes in each of the 
upper three hasin^ihose of Lukes Huron, Michigan, and Superior— 
were given down to the lixno when the glacial waters in all three 
basins svere about to ineige into one great lake. This larger body 
is €ulle<l Lake Algonquin, and ito upper beach is one of tho strongest 
and most peraistent shore lines in the Great Lakes region. At its 
greatest oxtqiit, as shown in figure 7, this lake covercft an area coa- 
sidornbly larger than nil tlirea of the present upper Great Lakes. 

When tho lake waters foil away to lower levels from Lake Warren 
they uncovered ior the first timo tho low' lands between Lakes Huron 
and Erie, This low land divided the waters into two separate lakcfl 
and inaugurated for the first Unifl the flow of the St. Clair and 
IX'troit Rivers. 

fpAkj. Algonquin may be divided into four stages: (!) Euiiy Lake 
.lUgonquin, confined to the south part of the Lako Huron boaUi, 
outlet at Port Huron; (2) Kirkfield stego, covered all of tho upper 

iSpaxer. f. W., Am. Jow, «rL. S, t«1,«, Jm. IMtl, pp. 13-11. OeldUiwBlt, L W., BnlL OcoL Ak. 
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Ifike^, outlet M Kirkiidiilt Ontario^ uplift in Dordi begins; (3) Port 
Iluroii-CMcago^ or Port Huron stttgep outlets at both of these places 
at firsts but rapidly dimin klnng ot Chkago and increasing at Port 
Huran, Main great uplifts occur in tim stage and causo great 
tilling ami divergence of boBchea at the north. Three groups of 
beaches formed ^ (a) Upper Algonquin groupi (6) Battlefield group* 
and {c) Fort Brady group. )lost rapid uplift was during Battlefield 
group, (4) oloBing transition stage leading to Nipissmg Great Lakes. 
Outlet oust ward to Ottawa Valley. 

(!) £brij/ Lake Alff&nqmn ,—At its beginningt Lake .;llgonqiim 
probably had a brief stage, when it wus confinad entirely to the 
southern half of the Lake Huron basin. (Fig. 6, ice border at position 
A.) The icc front then rested against the higldimds which beutid 
the two Sides of the sou them half of Lake Huron , as shown by the 
moraines in both Michigan and Ontario. This stage, however, was 
of reUtiviiiy short i.luration* for the ice fivnt was so far north at its 
beghming that a very alight additional retreat opened passages to 
the east end northwest and lower outlets were available in both 
directions—to the oast to Geoigian Bay and the Trent Valley in 
Ontario and to the northwest to Lake Chicago and through this to 
the C^ikago outlets These two pasaogos probably opened nearljr at 
the fionie time. Ftom the fact that no soporato beach or outlet is 
knoKTi for this stage, it might be thought that thb lake is wholly 
hj'pothetical and its e.vistence entirely uncertain, Bntj bcaidea the 
logical consequences of the relation of tho ice sheet to the highlands 
(fig, fl}j the early distributaries of the St. Oair and Detroit Rivera 
seeni inexplicable* except aa incidents of the Irauction from Lake 
Lundy to a lower stage eorresponding to Early Luke Algonquin. 
And further, the five short gorges which Niagara River mode in the 
Niagara escarpment durii^g its oariy flow\ which was of relatively 
short duration, show conclusiveJy that Niagara River then had ii 
volume as laigo or very nearly aa latgo os at preaent, and this could 
not have been the casog. accept by a large coutrihiuion of water to 
Lake Erie from Uic north. This was dearly before the opening of 
the Kirkheld outlet in Ontario, The discharge from^Early Lake 
Algonquin was larger than might l>e expected, because thlft lH,ke 
received a large affluent from the eastj from the region of the Notta- 
wasaga Valley and Lake Simcoe in Ontario, and al^ a large amount 
directly from the ice barrier. 

(2) The IRrl^eld siaffe. —-There seems to be nn reason to suppose 
that the Chicago outlet was at this time low enough to iako the ivhole 
discharge from Port Huron. On the other hj±nil, the Trent Valley 
outlet at IDrkTicld. Ontario (fig. 7)* w'as surely low enough, and as 
won as it opened the overflow went to the Trent Valley and the 
level of the lake fell beJow the outlets at Fort Huron and ChicagOi 
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fdr th^ character tJie outlet channel at KirkfieJd anc! below shows 
that it carried the full dbchwrgo of the upper lakeg for a considerable 
lenj^tb of thoe. Indeedp the principal or upper atrand of the Al^oti^ 
quin group of heachca b remarkably strong and eonUnuouSj not only 
ill the fionthem parts of the boainSp hut runa on unbroken in the some 
character far toward their northern sides. If there are parts where 
this heac-h was not formtid they must be Knitted to the far northr 
fur it is strongly doTcloped on the high ground north of Sault Ste* 
Maric^ Ontario. Apparently during the time of the making of the 
upper strand no part of the lake was subjoct to deforming or warping 
InfluenceSp and the outlet was at Kirklield. 



Fio. T.^UpmMM or Llim 
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At length, when the ice aheet had ahnost entirely disappeared from 
the lake basins, a great jnuv'ement of dUIeroBtial deration bc^an to 
raise the land. This rnorment alTcctiKl a vastly greater area than 
that of the Great Lukes, but v^dthin this area it affeotod the northera ' 

parts most^ South of a line running through tho middle of the 
thumb” of Michigan (fig. 7) and across tho aouth arm of Lake 
Huron in ii course about S* E. and N. bS® W* and also south of a 
Uiic running westward across Lake ilkhlgan from a point south of 
Frankfortr ihe Algonquin beach was not aJTected at oil by tho uplifts 
This line was a sod of "^hirige” lino for the movemeiit. KirkJicldj at 
the head of tho Trent Valley outlet (6g, 6)^ was w'dl Ycitliin the region 




318 ANNUAL BEPOftT SMITITSONTAN tNSTtTUTIONi 1912. 

qf Htrqiig uplifting, so thiit prohftbly early in tho roovement it was 
miAed to II position than the outlet at Port. Huron. The Kirk- 

field outlet waa then abandoned and the discharge wm shifted to 
Chicago and Port Huron. South of the isobase of Kirkfield the 
Algonquin boacb seen ton^iay b not the firat heaeh made when the 
Kirkfield outlet carried the whole'diachargOi but b a transition heath 
made when two or probably three outlets were aetiTe at once, Tliis 
might he called the jHgonquin traimtion or three-outlet beach. 
But the uamo Algonquin beach baa generally been upplied to the 
whole strand. The original Algonquin beach is now ^n only in the 
region north of the Kiri^etd bobase* While the Kirkfii?Id outlet wn^ 
active and carried the whole discharge^ the bobaae of that outlet 
servwl as a nodal lino on which t he water plane sw^ung^ and the shores 
to the north of it nvcre left dt;j* and those to Lho south of it submerged^ 
The uplifting and tilling continuwi in the region north of the hinge 
lino and progresj^cd with increasing rapidity. Since it was aban- 
duned, the outlet at Kirkfield has i^ien rabed altogether aomcthiiig 
mote than 270 feet, for it now stands 295 feet above the level of 
Georgian Day* and Lake Huron in the meantime hos been lowered 
25 feet by the erosion of its outlet at Port Huron. Farther north 
and northeast the movement of elevation was still greater. 

From the fact that the Kirkfield outlet appears to have carried the 
whole dbchiirgo of the upper threre bike l>asiiis and that it was upliftwl 
and aljandoncd rather late in the life of Lake Algonquin, the con¬ 
clusion follows that while thb outlet w-as active the tliicago and 
Port Hnmn ouUcia ivere both left dry. Thb means that during thb 
time lho ahorffi of Lake AJgunqum throughout all the regioti south 
of the bobase of Kirkfield stood at a level at least a litllo bolow these 
two outlets. Hcncflj tho upi>er Algonquin }>esch south of the bo base 
of Kirkfield was not made during the principal activity of that outlcti 
but during tho transition (two or possibly thrf^o outlet) stage of the 
lake, w'hen a considerable part of tJio overflow had left Kirkfield aiui 
gone to Chicago and Port lluron. It b therefore a transition bcadi. 
lid princiinil makujg tuid the gradual lowering of the lake for 10 feet 
or more was while the ovcrflaw was at both Chicago and Port Huron. 
TJse chnracter of the Algonquin tejich agrees remarkiibly wtU with 
this conception of I^ake Algonqulnb hbtory, 

(3) The Port llwm-Ohica!^^ ^fajjre —When the Kirkfield outlet wes 
abandoned, it seems probable that the overflow went first in greater 
part to Chicago^ lea idug qtAj a rela 11^^013" smaB part to flow south at 
Port Huron. But the Chicago outlet rested on a rock sill and held 
firmi while that at Port Huron was deepened with relativo rapidit3"| 
so that by the end of Lake Algonquin the lake level had fallen 10 feet 
and the Port Huron outlet had taken almost all the overflow awa}" 
from Chicago^ Tho Niagara Gorge* which reflocta in its magnitUfb 
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the Tolunoe of Niagara Rivor, indicatesi tiiat tlie domiruilion of the 
outlet at f’hicago endured for only a rfsintively sbort time, for the 
Niagara Eivor in the early part of the Port Huron stage of laike 
Algonquin made tho widest section in the whole gorge. The time of 
lurge-Tolutno diacharge at Chicago was tho time when the Tolo- 
aton bench wae made, and if (here waa n boadi of Lake Chicago there 
before and controlled by tho anino sill, it must have been oTorwholmed 
and worked orcr entirely by Lake Algonquin watora. From Uiia 
point of view Toleaton ia in reality only a local luimo for tho Algon¬ 
quin beui'h aa doTcloped in the aouthem part of the Lake ^ikhignn 
Basin. 

It wua during the third or Port TTuron-Chicagu atoga of Lake 
Alguiiqnin that the larger part of tho remarkable uplift of the Great 
Lakes re^on occurred. It began whon the Kirklield ouiiot woa 
active, but soon raiaod Kirkfiold to a higher altitude than Port Huron 
and Chicago, to which places ihe outHovv was than shiftod. The 
uplift caused a remarkable northwartl splitting and divorgtuico of 
tho bcttchea below the highest Algonquin beach. As a consoquenco 
tho beaches of this stage are many in number and ah<)W a liuge 
Tcrticai divorgenco northward. They seem to fall readily into three 
groups, (a) tho upper or main .^Vlgonquin group, (A) the Battlefield 
group, and (c) the Fort Bredy group. The main uplift began during 
the second or Kirkfiold stage, m pointed out above, but the much 
greater part occurred during the third or Port Huron-CIucago stage, 
and the moot rapid movement was during Iho making ef the Battlo- 
field group of beaches. At Sault Ste. Mario the vertical interval 
betwocn tho highest jUgonquin and the Nipisaing beaches is 36.5 foot, 
whdo in tho area of horiisontahty tho interval between these sumo 
bflftchea is 10 or 12 feet. Coleman reports a beach at Lake Goudreau 
(fig. 10) at 1,500 feet. This may bo the highest Aigonquian strand, 
end ifl nearly 900 feet above that beach at Port Huron. 

For somo distance north from tho hinge lino the upper Algonquin 
beach rises gradually. It then begins to rise more rapidly and begtna 
also to split into a vertically diverging series of aubsidiniy strands 
which are goparnted by wider and wider vortical mlervflls toward the 
north. This sidittlng of tho strends shows that tho land was being 
differentially elevated during the life of the lake. Tho different 
stramls are not of the same strength nor are they wjually spaced 
vertically, showing apparently that tho uplifting movement was not 
steady in itspn^rc^, but was irregular and was marked by a number 
of pa'usca of more or lesa loo^. The idea held formerly that tho 
postglacial uplifts of tho land in the Great Lakes region were gradual 
and that they wore evenly distributed through time is an error. Tho 
uplifting movements were evidently quite spasmodic and relatively 
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fiiuld^ii nucI rapiiL ^Umusl all ilifs fleroniiation occuzrofl during tind 
rliQ latfir pjul ol tha lifa of Laka AlgDiiquin. 

(4) Giosin§ trui^^ticn^ —At its etid Liike Algonquin 

appeals to Lave h^rni held tip hy a relatively amuli glacial barrier at 
somo point in the Ottawa VaUey east of Mattawa- (Fig. 6, ico border 
|iottition A'*) Wien ihia iaat dam broke out or shrank back north- 
wuri.1 the waters rushed eastward from Lake Algonquin through the 
Alnitawa Volley to lakes in the Ottaw^aj Fetawaw^a* ancl Madawaska 
VflUeys (fig* G, ico border at position end thence to the Cham* 
plain Sea, and camo to a settled level in the upper lake haaine only 
when the eastward flowing outlet had been established on the col 
itt North Bay. 

Tlie rdatioii in time of Lakes Algonquin and Imquob la a matter 
of great importance in connection wdlh. iko study of the deformatiijii 
of the laiitL Thera are certain facts that seem to show iJiut Lake 
Iroquomhad already been establbhcd when the Kirldie]d outlet first 
opened. The outlet river of Ltdse jUgonquin has bean called by 
Spencer tha Algonquin River. The scoured boii of this great river ia 
quite evidorit heUveen the small iake^ of the Trent Viiiley. At Petet^ 
bora an expanded part of the valley which stood eo near the level 
of Lake Iroquois that it may have been a landdocked bay of that 
hike is HUikI with u great deposit of gravel and sand. Tliis appears, 
to be a delta deposit of the .^ygonquin River lUid seams to show 
eoueltiaivelj that thL river emptied into Lake Xraquois, But the 
scoured channel of the Algonquin River doKi not stop at Peterboro* 
It appear? to contmue down the Tratit Valle}* to Trenton and in all 
])rabability passm below the ]ireseut level of Lake Ontario. (Fig, fi.) 
It even passes below the probable Jevd of \h% marijio waters that 
enierad the Lake Ontario basin* But below Peter boro it seems to 
show decidctlly less scour than above and hisonie places suggests a 
flmaller stmam. At present the relatioii of this lower part to the Lake 
history is quiio problomaticab for no other fact indicating so low a 
level for the waters of IhoTjake Ontario basin at that stage isfcnowiu 
It may be that while the Algonquin River was flovidng the ice front 
withtlrew far enough to allow Lake Iroquois to bo ibained plT for a 
brief timej only to he restoml again for another ralativdy kmg 
perioi] by a rcadvonce of the ice« Tliera were a number of episodes 
of thi? kind earlier in the lake Idstoiy, 

POSTGLACIAL LAKES OF TITE ORE AT LAKES REGION, 

THE Kirmamo oerat l.^kes. 

With the csiahlishmcnt of the outlet of the upper three lakes at 
North BaVj a new order of things was inaugurated. The ice idieet 
had disappeared from tho Great Lakes region imd no longer served us 
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a dam or refeaititiig barrier for any of ita waters. The drawing of the 
whole discliatge to North Bay neccsaiaiily taused the abandonment 
of the Port Horon outlet, wkirh had just proviously been active. 
The ncTv bike level, with its outlet at North Bay, lay in a piano which 
pas$ed somewhat, though perhaps only a little, beloiiv the outlets at 
Port Huron and (Tucago, During tho later differential uplifting 
of tho land, which occurrod while the North Bay outlet alone wiia 
active, tho isohose passing through that outlet become a nwlal line 
upon whi<'h the water plane swung. As elevation progressed the 
stnuula to the north of this lino wore abandoned and left diy, while 
those south of ttiia Hno were progrcsaivL'ly Buhmeigcd by the backing 
up of the water. 

This order of changes continued until the North Bay outlet was 
raised as hi^ as that at Port Huron, Then both outlets bfcame 
active with the dischatgo di^dded between them. The beach maile 
at this tw'o-outlet stage has been called the Nipisang beach. In a 
strict sense, however, it is not the original Nipissing beach, made 
when the North Bay outlet alone was active, but a transitional bcaeh 
nuido during the two-oullct stage. It might be called tho Nipissing 
tronstiion or two-outlet beach. Tho original Nipiaaing beach may 
be seen now only in the nort.hca9Lem part of the Lake Superior Busin, 
where a siiioU area bos north of tho North Bay tsubase or nodal line. 
This ai«a, however, is bo small and so close to the nodal line that the 
meaaurements thus far made have not yet discla^d any difference in 
tho altitude of tho old water plane on the two sides of the lino. The¬ 
oretically there should be some difference and there probably is, 
tliough not yet worked out. South of tho lino the vieiblo bench ia 
die transition or two-outlet beach, the original beach beingoverwhero 
subruergi'd. But inasmuch os no measurable change of plane- has 
been found in crossing the nodal lino the name Kipiaaing beach has 
generally been appUed to the whole extent of the two-outlet strand. 

The Nipisaing beach thus defined (fig. S) hits been tracoil with sub¬ 
stantial continuity around all three of the upper bike baains and Is, 
especially in the northern part of tho area, much the strongest aban¬ 
doned beach of the Great Lakes region. Its plane extends with 
nhnost perfect imiformity, and with no certainly discoverable warp¬ 
ing, over all the northt?m parts of these basins. The upUft which 
tilted this beach (fig. 9) appears b> have hinged about on tho same 
line as the earber uplifts which raised tho AIgont[uin beaches. South 
of this hinge line the Nipisaing beach is horizontal at about 15 feet 
above prearait level. North of it the beach rises at the rate of 
about 7 inches per mile m a direction about N, 22" E. The Niptssing 
beach at North Bay ia now about U7 feet above Lake Huron, about 70 
feet at Sault Ste. Marie, 4S or 50 feet at Sfockinac Island, and about 
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130 feet (110 feet aboTeLako Superior) at Peninsula Harbor, whieh is 
near the northeastern angle of Lake Supeiior. 

The Nipissing beach shows remarkahly strong development and 



maturity in all the northeni parts of the basins, especially near the 
nodal line. It is very stroTtg for 150 mites or more south of the tiodal 
line, but southward from tl^ line it seems to gTodualty diminish in 
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Btrenj^, until in tho area of horizflntalit j it seems little if any etronger 
than the Algonquin beaeh. 

In the Tcestcm eml of Lake Superior the Nipissing beaeh appeaiB 
tn pas^^ n little under the present lake le^elp a relation which probably 
nccaunts for the drowned condition of the dioros ami stream moutba 
of that region- 

Suopoaing a ^ort period of southward discharge passed Port Huron 
ijii? of early Lake Algonquin, then iho Port Huron outlet and 
.latr and Detroit Kivera have twice been abandoned, and loft 


Tm. nr Lixm* 
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diyv^d at both tin^*** Xiagara Ritter was robbed of Lho orcriJowpf tha 
upper three lakes* 

The Nipissing Great Lakes came to an end when the northern 
uplift raised North Bavj ao that that outlet was left dry and the whole 
discharge returned to Port Huron. With this change the modem 
Great Lakes have thcii beginning. 


tHE roffr-NtPresisfa OREAf 


Since the overflow' came back to Port Huron the northem uplift¬ 
ing has continued, but apparently at a relatively slow rate, for there 
b a numerous seri^ of fainter beaches on the slope below the Nipissing 
boacK Ono especially is slightly strougor than the itst and seema 
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to mark n |>atL^ tiie npliitlng movenic-nt- This beach is well 
doFt^loped at Algoma Mills^ Ontario, and is csIIekI the jUgonia beach. 
At that the Nipissitig beach is about S5 feet and the Algoma 
about 50 feet above J^ake Huron. The Algoma bcacli luis been found 
at inanv places farther south, and is a Bttle more than halfway up 
from the present shore to the Xipteahig beacli. 

On Iho north shore of Lake Superior there is a l>each of moderate 
strength standing in about the same relation below the Nipijssing* It 
may bo tile Algomaj but it seems more likely to be a beiich belonging 
to tho Lake Superior Basin alone and dEtonnined by the outlet of 
iliat lake at Sault Sto* llaiio^ It has been called the Sault beach, and 
appears to swing on tho isobase of that place as on a nodal line. It is 
submerged on tho south shore of Lake Superior and around the west 
end. It is believed to ho along the aubuierged base of the Picturod 
Bocka^ The Algoma beach appears to be due to a pause in tho 
uplifting movemont, but the Sault beach La due in all probability to 
a relatively steady coudition of tho lake level arising from the estab- 
liahment of the barrier and outlet at Sault Sto. Marie^ 

LAKE ERIE, 

After Lake Erie become separated from Lake Ontario it ceased to 
bo a glaoial lake^ and from that time on it was entirely independent of 
the ice sheet. By the time the eeparation had been accomplished^ 
following the fall of Lake Lundy,^ the basin of Lake Erie had prob¬ 
ably been brought nearly to its present attitude. In this time it 
has also had two low stages, daring which it was not receivmg the 
discharge of the upper lakes. These timea were when the Kirkfieid 
and North Bay outfota were active. The Fort Erie beach, declining 
gently wtHtward along its north shore from Fort Erie, Ontario, whore 
it is "l5 feet above the laker is the correlative of Early Lake Algon- 
quin and probably in part also of the Port Huron stage of the greater 
Lake Algonquin. The two low-atagu beaches made in the basin of 
Lake lirifi during the Kirklield etago of Lake Algonqiiiu and during 
ilio Nipissing Great Lakes lay very nearly in the sairie plsnCi and 
both are now everywhere submerged. 

FOn AND AGAINST FROGREaSlNG ELEVATION OF THE 
LAND. 

In the northern port of the upper lakes there are many evidenceSj 
such 113 the newness of the modem sliore lino and the newness of 
tliE mouths or lower courses of atreams, like the Nipigon and other 
nonheru rivcm, which strongjy suggest recent or processing emer¬ 
gence. Gilbert found what ho believed to be evidence of progress¬ 
ing change in tho records of the lake gauges, and lie estimated the 
rule of differential uplifting, but recent investigalions have made 
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chjinges in the data which he use<I and have necessitated a mmli- 
fication of his results* 

Sinic the diachntgo raturaied to Port ritiron the St. Clair liiver has 
cut down its bed about IS feet and tlie Detroit Ri'i'cr half that arooiuit. 
This has greatly reduced the effect of drowning of tributaiics which 
was produced at first by tho return of the full 
period of abandonment during the lime of the Kiplssing Great 
Lakes. 

In. tlio hasins of Lakes Erie and Ontario there are many cTidcnros 
which indiento recent raising of the water level, such os the dcowncil 
stream courses and submerged stmnpB in Sandusky Bay. Tht^ 
facts aecm at first to suggest that tilting of the land was very recent 
or msv still Iw in progress. But the drowning effects in these two 
basins, at least to depths of 10 or 15 feet, are probably due to tlie 
return of the large volume of discharge at Buffalo and Ogdensburg 
after the relatively long period of small disduugc during the time of 
the Kipussing Great Lakes, and not to ret-ent or progressing uplift 

of the land. 

POST-GLACIAL MAlllNE TVATEItS 17f TITE OTTAWA ANI> ST. J*AWKESCB 
valleys .LN'D IN' THE LAKE ONTAIllO BASIN. 

Wlien tlie ice pheet withdrew from the bashi of T<nke Ontario and 
the northern slope of the Adirondocka the sea entered in its place 
and covered a large area. Its approximate limits (fig. 6) are indicated 
by postglacial clara, gravels and amids,which are fosailiferoua, and the 
life rem*^i 3 are largely of marine organisms such aa are now living 
in the Gulf of St. Lai^once. The upper limit of the marine waters 
was about 350 feet at Plattsbuig, N, Y., and 523 fret at Covey llill, 
Ontario. It was at least 460 feet at Webdi’a Siding near Smith's 
Falls, Ontario, and may have been mudi more, for at Uie hist-nien- 
lioned place the remains of a whale were found in a gravel bed many 
years ago, and a mini mum upper Umil of marine submeigeuce is 
^finitely fixed byihis occurrence. The height of marine submer¬ 
gence at Montreal Ls reported to bo about 625 feet. On the south 
side of the St. Lawrence River a wcU-defiiicd beach marks what is 
token to lie the upper limit of the marina waters, and hira been called 
by Gilbert the Oswego beach. It declines gradually tow'ard the 
Gonthw'est and posses under the present level of Lake Ontario about 

at Oswego. ^ ^ 

The changes in the level of the waters in the Lake Ontario basm 
have not been fully worked out, but the marine watcre ajipcar to have 
entered it some time in the later part of the Port Huron stage of 
Lake Algonquin. The marine connection wos through a strait 35 
or 30 miles wide and, except for a relatively narTciw central deproa- 
aion, not over 40 to 50 feet deep. The uplift appears to have been 
en imii-23 
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in progress when the sea entered, and the duration of the marine 
connection was ehoii. The strait was soon raised abore tbo sen, 



and at the end of Luke Algonquin sea level probably did not extend 
above Cornwall and Pembroke. 
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The ftccooipanying iliagnuninEitip roap (fig- 10) sliows (lie rolation 
of tlie WliittleaeT and jUgonquia Jiing* lines to the extreme border 
of tlie Wieconaiii ice slioeti irith three later criticnl posUiooB of tbo 
ice border and several of the isobascs. 'The hinge lin« and isobases 
in the regions east and west of the Groat Lakes are a<lded in order 
to Bbow the general relations of the doformationB in tliooo parts to 
that of the region under diiwtifision. The shore linos of the glacial 
Lako Agosala are taken from Uphom. CkloDograph 25, U. S. Goo- 
logical Survey.) No shore lines in the Great Lakes area are sIiotto 
cxcepthig the Glen wood or Idghest beach of Lake Chicago, the 
Wliittlesey l>cach, and tho correlative beach of Lake Saginaw, Ihe 
two hinge lines for Whittlesey and Algonquin represent tho isobaso 
of zero for each bcflcli. Both oro produced conjcoturally northwi^ 
ward to the region of the glacial Ijake Agassiz. Two Nipissing 
iflobast« are shown in the Superior basin, and these ahow* a trend 
quite different from those of tho Algonquin. In tho Michigan and 
Huron ba^a the Nipisaing beach scorns to hinge on about tho 
luic os the Algonquin, Tiic curved isobascs in the region south of 
St. Lawrence River and east of Lake Ontario show the present state 
of knowledge concerning the deformation of the marine shore line. 
They show the generul relation of tho deformation of tlie marino urea 
to that of the Great Lakes region. Tho extent of the pre-Cambrian 
or Old-land area is also indicated to afford means for comparing it 
with the area of uplift. Inasmuch as the uplift occurred in tho course 
of tlic melting of tlio WiscoDjsin ice sheet and relief from the ice load, 
and masmuch as it lies so largely within the glaciated district, a 
causal relation has by some been infcired and definitely announced. 
The writer wo^d caution against too hasty conclusions in this matter, 
especially in view of somewhat discordant relations between the 
bomdaries of the ice and of the uplifted lands which this diagram¬ 
matic map will serve to bring out. The writer will take space here 
merely to state that tho preponderance of present evidence appeara 
to be only aliglitly in favor of resilience foDowing depression by the 
ice weight as the main cause of the uplifting of the land and tho 
deformation of the shore lines in the re^on of the Great Lakeo. 
Standing as a close second to the hypothesis of ice weight is the pos¬ 
sibility of deformation of the beaches by upUfts of tho land incident 
to crustal creeping movements, which are simply the moat rccont 
impulses in a long process of continental growth reiicliing back into 
the Tertiary age. If certain evidences which are now supposed to 
indicate iciatively recent crustal creep toward the southwest ^ 
subfuaiitiat ed, the hypothesis of resilience following depression by ice 
weight seems likdy to become of secondary importance. 
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APrtlED GEOLOGY.‘ 


By Alfrbp H. BhoOICs.* 


The aciencc of geology, generBlly r^wtled 9» having origmat^ 
m the vagtic spcculotions of the coainogonista hardly two century 
Mro, ha« to-day beoojae of great praclicid ntiUty. Dunng the 
past decodo all geologic investigations have shown a marked ten¬ 
dency toward material problems, which is in contrast with tl» 
previous decade, when the interests of pure science were mudi 
more strongly emphoaiaed. No one will deny tJiat econoimc or, 
as 1 prefVr to call it, applied geology is attracting more and more 
attention from professional geologista. It is appropriate that the 
membore of this society should take cognmnee of this trend m 
geologic thought, analysso the conditions which have brought it 
about, and decide, it may be, whether it makes for the good or the 


evil of the science. . , • 

Before discussing this subject it will bo well to attempt a defi^ 
don of tho term “applieil geology." Some appear to believe that 
when tho geologist emerges from tho tunnel’s mouth ho is at once 
transplanteil into tho realm of pure scieu^, and that the minor's 
candle illuminates only tho so-called practical, or even commerce, 
probloma. I submit that such opinions are not justified. Ihe 
surveys mado as a basis for gooli^c maps and structure sections, 
usually classed as belonging to tho realm of iniro sdonce, often 
yield results which arc the most concrete examides of applied geology. 
On tho ot her hand, the exhaustive study of mineral deposits is essei^ 
tiul to the solution of many fundamental gcolopc problems, -i. 
close analysis will make it evident that the lino of demarcation 
between the fields of pure and applied geology is, in ala^o mewu^ 
arbitrarv. Tho collection to-day of a new group of facte or Im 
dotorminadon of new principles relating to pure sdence may r^t 
to-morrow in thdr application to industrial problems. Mr. Oilbst 
ha.s recognized two fields of geologic research, the one embracing 
tho study of local problems of stratigraphy, structure, etc., tho 
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other the general problems of geologic philosophy^ and has shown 
that both may yield results of the highest industrial imporLitnce. 
As David Paige has espre&sed it: 

There iadt-ed can bo bo antagwii^ betwMa aciciM ftiid art* between ih<wl«iJcal 
tnowlcdge tmd ita economic apijlicatira. The pnictkri cipreadou of a truOi mu 
never be divofced from itia theorvUc cenreptiaa- 

If, in spite of wliit has heen snid, the Wo fields of science are to 
be differentiatetl, applitil geology may be defined as the science 
which nillizes the mothods and principles of pure geology in supply 
the matfirial nee<l& of iueiii, 

WhUo the present tendency of geologic science toward the inv& 
tigation of problems of everyday life is patent to all, yet it is deair- 
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mcESfTAOK uf -mjj* yvMKtsi ot mrroiiTOio owjUDfflc wtiBK mm tHE viAmA uss* m liW- 


ubio to Gxprca$ tbijt tendtsney quimtliiativcly* Pur thiii piirjjn&B 
1 liavo determined the percentage of geologic publiiationa issued 
annually during the last quarter of a ceutury devotml hi pttrt or 
entire! V to applied geologj*. The result of this analysis is gnipUicaHy 
presenttsL in the diagruiii Cfig- l)i hi which the ono cun'e represents 
the total number of pubheationB; another, those ciasaed as liearmg; 
upon applied geology. Thia diagram is bnsetl on an actual count, 
judging by the titles, of the puhhcations iududed in the annual 
biblioj^phy of North American geology. It ia conceded, of course, 
that a mcro enumeration of titles is, at bnest, but a crude methoi], 
which neither takes into account the extent of the indmduul pub- 
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Urstioiis nor at tempts to apprai-?*? their value to soienco. However, 
1 trust it will ser\'e rs a fough measure of the activitiee of North 
Anusrican geologiatP. On this basis the ilisiSTain elenrly raconb a 
very rapiil increase (hiring the post decade in the ™i>o puhlications 
deaitug with applied geology to the total of geologic literatiire. 

Tho figures show that applied geology was at its lowest ebb in 
1S0O, when only 12 ]ier cent, and at ils highmt Hood hi 1909, 

47 per cent of the total pubheatiottu related to tbb subject. To 
consider tho port-entago of economic papers by decades; In the 
10 years ending in 1S05 tlio average was 22 per cent^ for tho following 
decade, 30 per cent: and for tJie lost 5 yenre, 44 per cent. 

Another measure of this trend in geology has been obtabed by ft 
Bimilur classification of the public utions of the I’nited States Geo¬ 
logical Survey. The result of this onumemtion is shown b a second 
diagram (fig, 2). In this it will bo seen that m 1890 less than I 
per'^cent of the publicfttions issued by the Federal Survey treated 
of applied geology, and b 1010 the percentage was 98. Considering 
it by docatles: For the 10 years endmg b 1895 tho average of oeonomic 
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papers was 11 per cent of tho iotul number of puljUcations; b the 
fallowing decade, 71 per cent ; and b the last 5 years, 93 per cent. 

Those figures are not to be bterpreted as evidence that pure sdencs 
has not been recognized m those publkationa of lha F^c^ Burv'ey. 
I have classed with the applied geology group all publications which 
treat m any measure of this eubject, though many of them deal chiefly 
with prebloms of more purely scientific mterest. For example, Iho 
geologic folios, which include some of the most notable contributions 
to pure acionce, are here included m the literature of applied geology. 
To mo it id loss Gurprabg that nearly all the recent pubUcaibna 
oontdn some practical deductions than that moat of those of 20 yeoiB 
ago omitted all data of this kind. ... , . 

The marked tendency towaivl jiractical problema, as mdicatod by 
these figures, is by no means confined to one organization, for it b 
exhibited in the sumo degree by Suto sur\'eyB and b also rofieettsd 
in the work of the univereities. Nor is it limited te this continent, 
for countries as widely separated geographically and b scientific 
' treditbus as South America, Japan, and Germanj' show’ similar 
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sigus, Evorywherc geologic resoarch of praRticai problcma is receiv¬ 
ing moFO mid nuorB support, both publicly mtd privately. 

It ii pcrtuiont to c-onsldcr tho attitudo of l-iio public at hui!® toBraril 
this ocotioinic landency. 'ITioro are imdoubtodly Lhoso who bollcvo 
tLat the diriectiofl of scifintific work should nst outirely ’with iho 
invwtigAtor and not wlik tha people. Lot them bear in mind that 
geologic investigations, since they involve heavy e3C]Mnditiir6s and 
trespass on private proportyf can, for the most part, be properly car¬ 
ried on only throng Govnmmeiit ng!«ncio3, in this differing from 
such ficiencaa as chcmistiy, physics, or biology, ’ahith can be fur- 
thered by private means. If goologic survoys are iiroporly a function 
of thfl State, in the last analysis tlio people must be iho final arbiters 
as to what phase of the science is to bo omjihjnsiaed. In our democ¬ 
racy tho citizen has a right to inquiro what ho, ns, a member of the 
body politic, is gaining by expenditurea from (he public purse. 

It is ostimnted, on tho best data availnblo, that during the past 
quarter century the total grants for geologic work made^ by State 
and Federal Governments aggrtgato over SS,000,000. This may bo 
reganled as evidence of public confideiico. lloro significant to tho 
present discussion is the annual grant of funds during this vnterviJ, 
and this L iUuBlrotod by a curve on tho same dlugram with those 
showing character ef publicatioiis {fig. 1), ITari cun'e is in purt based 
on estimates, but those are witliout doubt sufficiently accurate to 
Lndkato that the total annua! appropriations of State and Federal 
GovemituJttta for giLHslogy ha™ been augmented at a rnte which 
proves that they are atfwted by some odu-r factor than that of in¬ 
crease of poptilation. Tho annual grant of funtls k now more thiia 
double that of 2S years ago. It k probably safe to interpret this as 
indicHlitig tliat tho present economic tendency in geology is approved 
by tho people of the United States, Tho cloao putallolism botwtsen 
tlio lines marking tlw publications relating to applied gMlogy and 
tho annual allotments of public fnnda for goolugio surveys is probably 
not entirely fortuitous. 

Perhaps tho host measure of popular confidcnco in the results of 
getdogic rcsoareli is tho number of different gecdogic organkationa 
Hupportoil by public fnntls. We are apt to credit the obtaining of 
Government support for this or that research entirely to soma indi¬ 
vidual or organirntion, forgetting that, until the general public has in 
a measure been persuaded of its viduo, all efforts would bo useless, 
Therefore, when we find geologic surveys throughout the country 
Kupported by Commonweallhs having widely different and 

industrial conditions, it is fair to presume that the average citizen has 
acquired tho belief that these are attaining results beneficial to tho 
community. The numerical increase of State geolo^c surveys during 
iho lost 25 years is illustrated by tho curve on tho diagram before you 
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which marks the percGatage of total imrabcr of Slates supporting 
geologic irorK (fig. 1). In 18S6, 24 per coni of the States had gwi- 
logic surveys; in 1895 the porcenlago waa 42, and in 1910, SO. 

This growing public interest is also manifested by the increase in 
geologic teaching at colleges and uoiveraides. I hiterjirct tbe sta- 
tisiics puiiUsbed by Pmf. T. C. Hopkins as indicating that in ISSfi 
there were about 220 of the higher institutions of learning in which 
genlogr tttughty wliili? in 1S94 tkerc wore 37Se Of the^ie, 51 hnti 
geology organized as a separata department. I have been unable to 
find any more recent data on geolo^c education, but that it has made 
great strides in the last 17 yeare will bo conceded by all- It will also 
bo generally admitted that the teaching of economic geology i» roceiv- 
ing constantly greater attention in the collies and technical schools. 
More tiigniticmit evidonce of the present status of geology ^ong the 
pcoplo is the fact of the large number of goolo^ia now in private 
employment. Tlicro arc many professional geologists who are 
engaged In eonsultiiig praclice. Nearly every largo mining company 
and many railways include in their personnel one or more geologists. 
In a commercial directory of mining experts recently published fully 
LO per cent classed themselves as geologists, w'hilc an tsdition of tho 
same directory issued IQ years ago included only one who claimed to 
be a geologist. While at that time, as now, many mining en^eom 
were in fact professional geoltgists, they did not core to advertise the 

fact. , 1 1 > , 

All this indicates that applied geology has durmg the last two 

decades become a dominating clement in ovir geologic work; ^ that 
this tendency toward indiistrkl problems pervades all geologic inves¬ 
tigations, whether under Federal, State, or private auspices. Further¬ 
more, it has been mode evident that Um trend is not limited to the 
North jknerican Conlment, but is world-wide, it is dear, also, that 
since eraphoisis has been laid upon the economic sido there has been a 
marked iiicrcase in the support given to geologic work, from which 
• fact may be drawm the lo^cal conclusion that the public indorses this 
policy. It does not necessarily follow that this dominating practical 
note in geology has motie for tW advancement of the science. Before 
discussing this important question it will be well to trace brietly the 
origin of geologj' au an applied science. , 

It seems to be generally assumed that the apphcation of geolog)' 
to industry w'oa not attempted until after its development into 
a more or leas complete rational science. It can not be denied that 
the appUcation of the principles of a scictice must await the esta^ 
lishmeut of thf)se prindples through seientific inquiries. It » 
true, however, that long before geology had developed as a srienec 
men observed tbe geohigic phenomena tliat boro on certain voca- 
tions and often correctly interpreted such observations. 
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The science of applied geology, therefore, had its origin among 
ihoso wbo> liko the were by vocatioii brought into inti¬ 

mate contact with natniai phenomena, Jiany of tlie dcmentaiy 
facte relating to mineral depoeits were forced on the attention of 
the miDer, and as the correct interpretatiaa of these facts added 
to liis material welfare, some deductive teasoning waa undoubtedly 
applied* The rudimentary conceptions thus formed were more 
likudy to bo <;ojTect than those of the early closet Jicadcniiciati, 
whose scbnce for generations began and ended in pure speculiition, 

Tlierc'forc, to trace the origin of applied geology the oldest archivt^s 
treating uf minings quartyieg, agricnlturer engineerhig, and mineral- 
og3^ mujt be searched—a task which has been quite beyond me. 
And reaching far hack of any written record was the traditional lore 
bearing on geologic phenomena of countless generations of miners 
and hteibEMidmeii. Even the man of the stone age must liaise bub- 
consciously acquired knowledge of the distribution of the iiiatcrbls 
which he fashioned into implements of the chase and war. If we 
are to allow our imagination full scope, we can conceive ^of i^omo 
primitive economic geologist who, by finding a deposit of copper and 
revealing the supGrioiity of tho new material for weapons ^ bccaiuD 
tlie hem of his tribe* 

While our Aryan ancestors appear to have been ignorant of the 
use of metals wheu. they first invaded tho ilcditemmean countries, 
yet they at^quired a Imowledge of them from the Semitic races 
long before the dawn of history* In winning thc^ metals primitive 
man used methods which required neither any high degree of tech¬ 
nical skill nor a knowledge of the form of their oceurronee. ilining, 
l>eh:hg second only to agriculture in its imporianee to the human 
race, became more aygtematized with the jjrogress of chdlizatiQn- 
By the time historical records began the recovery of metals and the 
quarrying of builcling stones were well-developed arts, and there is 
no reason to suppose that the mode of occurroiic?e of tho deposits 
exploited were ignored by Ihoao wlioae livelihood was mvolved. 

Tho rulers of thb early period, keenly jilive to the value of the 
metala, undeubtedly caused this sourt'O of wealth and jiowerto he 
investigated by able men* It h recorded tliat Philip of Placed on 
ovinced his interest in tnining by examining in person some under¬ 
ground worlangs in Thrace. Jason’s search for the golden flceeo 
pictures the prosjiector of those days as a national hero. In any 
event, it is certaiii that millions of ounces of gold and silver and 
many tons of copper, oa well as tin and iron^ had been produced 
renturips befora tho Christian era* We must bclirvy that this 
production indicates a sufficienUy dcvelo]jed industry to employ 
not only sldlled artisans but aim those who delved deeiacr into 
the probkma of mining. The ancient Egyptians were eminently 
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pmcticfll flnti 4 ltvrfopB<l * (Ip^tpo skill in ccrlJun brancli^ 
of t-ngintwriiig. Undoubtedly tbo Egyptian fugbieeis paid abme 
In^ed to tbo distribution of building latoncs as well as to methods 
□f t|uajTvingi while among otho^peoplt^ who cxcellfid in met al loming 
it is presumed there were engineers who spciiaJiKed in mining matters, 
AS do their succesaors of to-day. 

it is far easier to speculate on tha knowledge the ancients may 
have had of some of the piinciplea of applied geology than to trace 
the actual extent of this knowledge. Ancient Hebrew literature 
abounds in references to the metals and their utilization, but fui^ 
nishes little due as to what was known of them. Tho some is true of 
the records of ancient Egypt, in which both placer and lode gold are 
mentioned. One document that has come down to us sho\^-s that 
location of mineral wealth was considered worthy of note. An 
ancient papyrus, dating about I35t) -B. C., displa3"9 a crude map for 
the purpose of locating Nubian gold mines. It is one of iho oldest 
maps in existence and the first which con be said to imp^ geologic 
information. The oldest written record of geology or allied subjects 
is Thctiphrastus’a descriptions of met ala, stones, and earths, dating 
back to 31S B, C. Pliny’s work of four centuries later sceiua to have 
been tbe firel attempt at a complete treatise on miner^ of ccouonue 
importance, but he was more concerned in the utilization of tho 
metab than in their mode ol occurrence. Other of the ancient 
writew, notably Ariatoilo, touched on geologic subjects, but rather 
from the standpoint, of speculnttve philosopliy than of interest in 
material problems. Some of the early geographers ami bktormiis, 
like Strabo and Heroflotus, discnssCil tho geographical distribution 
or the exploitation (rf metals. .rVnotber field of applied geology 
is found in 1 realises on agriculture containing refereneea to diaractcr 
and ilistribution of soils. Even Vii^ in his Bucolica attempts a 
practical classification of soils. As this dwells on the physical rather 
than the chemical propejtics of soil, it would seem to have at least 
the merit of being in accord wth some of tho latest scientific maxims. 

I hevo dealt with this subject as ii the imtbns of Europe oiid 
western jWs hn<l alone made advances in technology, iliuiiig and 
mctalluigy, even in very early limes, were important industries in 
both India and Chiim, imd it is not unlikely that there may bo in 
those countries a literature of practical geol<^ which antedates our 

^'rhe meager records of the early pcrWl of mining give no duo to 
the knowledge of applied geolt^ held by tho aiiciciita. But that 
they were not eatirely ignorant of its principles is to bo presumed 
from tbe importance of tbo mining industry-, and the absence of 
written records does not atguc against lliis theory. The same is true 
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of other arts. Wo do not lor thnt tho principle:^ 

til mothimica applied to siructur^^ were not U4itkrstood bci^aujso there 
viore 00 written treat isea on architfictiire imtU cent arks after tiianj 
periods of arehitocturo had sncoesaiTely developed oiid dorllne^L 

Sc'jint ns is the literature of mineralogy and mining up to the oarly 
part of the ChrisUan erii^ the sucooeding 10 or 12 centuries are almost 
entirely without records. Tim was the modioval period of iJitE«]!oc- 
tual stagnation—-the eclipse of sclentific and criticai thought. The 
Arnbsj who nioDc preserved the traditions of atjric|iiity fiuring I his 
Inpstv made conaidcrahlc contributions to scieutiGo kuowleflge;^ not 
ncgler.ttug mineruJogy. ^Isido from tliis, there are only a few uunor 
references to the subject in the ehronklcs of that time* 

While science was neglected in the ^[iddje the tuis con- 

tiiuicd to progress^ and among theso mining was iniportant^ It 
h rccordod that in C.'harlcmagtie^B timo tboM!>ands of miners w'liro 
employed in the metal industry of northern Tyrol, tind many other 
countries made notable contributions to the metallic ivealth of the 
world. CoaJ rtiining h^im in England and Germany in the twelfth 
century. In faefp the mining industry assumed an importance 
which attests a high degree of admiiustratiFe and technical skill* 

ATith tlm revival of leanung in the fouiieenth and fiftociith 
centuries, scholars began again to turn their littention to the 
natural sciences. At first they labored solely to verify and amplify 
the theories of the ancient writers, never doubting that the classic id 
philosophers had encompassod the entire rcakn of human tliought* 
Genorutions of scholjij^ sought their science in the Greek and Homan 
iitoraturo. But with the Rcmi.is5ance scholastic thought was freo<i, 
and then the first epoch of scientific geology began. 

The wide chasm which separated the academician from the 
tcchnichm at that time prevented any utilizution of the great 
store of geologic facts aocumulateil by miners. The miner had 
neither educaiiou nor hicentive to record the fact* ao laboriously 
collected; the scholar had yet to reali^ that naiuro must bo studkcl 
by observation and deduction^ not by speculation alouc. The 
cosmogonist wrote his treatises on the origiu of the world with lii* 
’^Tsion limited by acadeniic walls, while the miner hidd hb knowledge 
as imjiortant only for hb need. 

Agricola was one of the first scholars to consider the practical 
problems of the minen Hb w-orks, published in the micldle of the 
sixteenth century, ahow both keen observation and rcalisEation of 
the imparlance of appUiMj geology. The German mining industry 
had at that time advanced sufiicicntly to have ii large technical 
vocabulary of its own. But as Agricula wrote in Batin, he w^as 
forec^d to translate these tcchnieal term* as best he could. Gerniaii 
mining methods and terminology must then have found wide accepts 
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Atirfi in EuFopS;, for PieiTo Bploiip thu Ft^nrli natnmlifii^ rwontet! 
rhftt m I54ti tboy w«sre in use in llio Thrivcian gold fidtb—then 
as now n pftft- of tLe OttomaTi Empire. 

In Agrioola^ii day there appeariMl a tiiimber of other trealiriof; 
dealing vriih some phai^e 4>f applies] geology. Thc^e were mofitly 
cievoted to minemlogyj which waa declined to become ii soienoo 
long before geology had passed beyond the spcculatire st age. Most 
of tliia early literatur{^ was in Latin and therefore oijculated to hiiTe 
litde influence on tnining practice. It did> however^ bring the 
scholar into closer touch with the idienomena of nature an<l thus 
pave the way for a rational ecionca of geology* 

In the cftrly history of the science pure and applies] geology can 
be comparetl with two confluent rivers having widely separatetl 
sources—the one t^^pringing from the high realm of apeculfttive 
philosophy * the other having a more lowly subterranean origin. 
These two strcamiii of thought gratlually drew together^ for a spaca 
flowing side by sidcp and finally nn^iged into one great stream. 

The'faUo’ft'ing passage, ^Titten by Peter Martyr, in 151 fl, w'hiie 
dtecribing f.ho golden wealth of Hispaniola, reflect soniothing of 
the status of g 0 olog 3 " in Ids day: 

Tht?y havfl fniuid by eiperieaoe thnt the Veta cf sold h a livijig tw, and that the 
Kitne hy all j^naideLh and (^ringetli [mm the nxitr hy the io[t porce and 
iiaije?^ dI iho Earthn patteth fortli bmaohcti, even lo Urn upp^rmoet pan of tbo Eanh: 
and ml until it discovm* itselt unto Iho npeii air; at which lime it chrwoih 

[orEh certain bwiititul colourfi in the atrfld flow™, fwunil HtoDea of giddmi Earth 
b the etead et (rulta, and thin platiM in ftijsid of leavea. _ . For they think 
iiuch fpiiiEU! an? not oagendcred whej^ they are gathcfodT especially on ibo dry lead, 
but otherwi!* b tlio Ri%erp. They «ay that the root o( dio jjoldqn Tree extends th 
to the center of the Earthp wid iherts Lafccth nouruihment of bercan?: for the deepof 
that they dig> they find the Ittinka therocf to he po much dio greaEer, on [aria they 
may fotbw it, for abnnrtance of water irprinpnf^ b the MuiiDlainii. 

This fantastic account of gold deposits contains a sufficient kernel 
of truth to indicate that the writer had at least some comprehension 
of the form of auriferous veins and their relation to gold pincers. 

One of the earliest recorded attempts of a practical application 
of geoIogTt' is that of George Owen, a country squire tif Wales, who 
about 1600 preparofl a lengthy description of Pen>brok<ishiro in 
which he discuBsed the ocourrenco of fimasttmes and ci>a]. Ho 
appears to have been the first to note the change of hituminoiis coal 
to anthracite. Owen's practical purpose js made clear by the fol¬ 
lowing quotation from Iris wTiting: 

, . + it may bo a iruidift laaomu partiq.4 toHKitk tho wh<5i^ it yt't Moth 

hlddun and may aavo bbotus lo othore m aoHnkmg it where there w m pofflibility lo 
lind It. 

While men of the Agricola tj-po were assembling and clasdifying 
observations on minoraJa and ore bodies, another group of scientista 
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was engaged in wonly wars about such probietna as to whether 
fossils had been formed bj the influonca of etara or were the remnants 
of former hTing orgauLsms. It is notowortliTr that among the most 
rational coDtributinns f-o tbh dhwn^ion^ which contmued over a 
ettnturj"^ were those of Leonardo da ’Vinci and Nicholas Steno^ the 
first of whom hascnl his atgumrnta on hh itsvn ob^rvatJona as an 
engineer, while the second had some praetjcal experience in the 
0 ludy of ore bodies. These two belonged to the class of scietitisis 
designated by John Webster in his Ilistoi^’ of Melab^ publkbcd in 
1671, as experimental observenai" of wdiom he says: 

For either they were Piieh ^ Attended tM miiiflai, nr w&nt liiitlicr (o convereft with 
the irgfkiAcn lo Snfertu ihf^mi^lvea, or bcfc tfoiae efflee nbmi tli«e pkci^p or were 
thw tliat cither [ot clitionitiea or to onnoh their knorsflod^, did father toother 
%\] the minoiwli they cmiLi, or uM>d iho most oi aJI those way^ to gain iLDdenatAiidinFt- 
And ibmforp T rommetid theeo ahiyv'o nil the td&i before nunod, to be read md tftiidiod 
oE all olBoons And men belimf^mg to buy minenil nr metalliek worin; and of all younis 
irEtidDnUt end beigmneni ibat seek nfter iDineml knowledgcl bocniua ihnw anthem 
tFpcfkk natmltogedier by opimoDp fancieT and conjeetuio; but foTtli of thoii own oxpnH- 
encOp and the expedeoce of thoee Lhat wem eoaveiiBnt nbout the mincs,^iuld getting 
oE orop and purifying and refining of them; and ihoretorc mom rorlaiu lo be reived 
upon for leadera and toodieri. And more, bccaiim they have imlten what they 
know^ openly and plninly oa the aubjoct wanid bear; and not iu poiablcfli and imig- 
tiiatical expiopdoni, 

Thl^ trciilisp coiitAins^ nmiil much that now* appears cMIdbhj some 
pmcticAl hints for the disco very of ore Ijodies. Wohator lamcnlB Lho 
almost universal ignorance of this subject, which he accounts for us 
IdUowb: 

Thnt Lhn way and meniui lu discover iho natot^ of njineiHls, is not onciy difficidi 
and dangerous, but in itself is » xmlldp base and traublcsQiiLep that the most men of 
parts. ‘rU.l hiudlT advonture theniHiIves Into fho pits or idia/ta where ores am uinmhy 
gotien^ ner can indifre to stay n long^ that they can rightly kiftrtm ihenwelves ef Any¬ 
thing tbit ttuiy be wtisEArtory to their inquirim. And the Slmens of Workmen {hr 
the moat part} being but people of the moat indigent sortp and auch as wliose knowlEdge 
and aimfi reach no higher than to get a poor living by that alaviiih labour, vegard to 
uifonn themaelvLtfi ot no mone then what may conduce to such a poor and servile kind 
of living; hy whirh they am Little able to give any learned, man saCisfactlon to 

thoAo necenafy itvqiiirji;» lhat might tend to enable him to Judge rightly of the nature 
of tho ihingfl in that subteiranaouj Idngdoni. 

The prejudice of the schokr ogoinsti learning from the miner, so 
quaimly described by Webster, grudimlly died out in the eighteenth 
oentuty* Thereby the science profited much, through acquirmg a 
better grounciwork of fact, whilei on the other haudi technology 
derived assistance from applied science. Even before Werner's day 
a number of mining ofircmls discussed in print the oceurrcnce of min¬ 
eral deposits. As a nBsult of this better undcratanding between tho 
adentfef and the practical man geology developed from a condition 
of pure speculation into a sdence which approncherl tho rational and 
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concrete. It need lianlly be added that the advances made in chem¬ 
ist phjieies, and biology wqtq. essential to this pntugress. 

By the latter part of the eighteenth centnn^ conceptions of strati¬ 
graphy began to take definite form* In this fioldp again, the miner 
to a certain extent foie^^talJed the scholar, for he had recogniEeil that 
locally, at least, the earth emst was built up of supetimpoaed strata 
having a delinite order, ffo hail also noted that this order was some- 
times interrupted by brpafca imd in the imdergn>iind workings had 
opportunity to grasp some details of tectonic geology, 

Tho adTancement of science and arts towar^l the eml of the eight¬ 
eenth centttry ha^l been such as to create a dGoiaiid for trained 
engineers. In the field of technical education mining was given the 
first recognition, for the schwl at Freiberg was established in I7fi5, 
20 years before the existence of seliook of any other Uraneli of engi¬ 
neering, except those devoted to mifititry science. Tim schoijl woa 
to have a world-wide effect on geology^ ilirotigh tho mfluence of 
Werner, the first gri^at teacher of the science, Tlxe foiinding of other 
mining schnob followed rapidly, indicatiog a need throughout coa- 
tmental Europe for trained niining engineers. With the exception 
of FiTeiberg none of those schools gave special heed to science, but their 
establishment was of great importance to applied geplogj", os it gave 
rlefiniie recognition to the fact that mjiimg wag to lx> directed by 
engineofs and not by artisans. Tho advent of tho trained mining 
engineer was of first importance, for on him was to fall much of the 
work of advancing the new science. 

On the Continent mining w&s chiefly carried on by or under the 
direct stipervisiou of the State, and tho need of properly trained 
engmtMMs was probably tho chief reason why technical muiing edu¬ 
cation began before other branches of Cii^ioering* In England, 
on the other hand, minhig wm moatly a matter of private enter- 
prke, and technical education lagged far behind the Contmetit. 
The men entrusk^l with the direction of niining affairs seem to 
have been drawn from the practical school of experience and were 
known as mineral surveyom. To this class belonged WtUiain Smith, 
the founder of stratigraphic geology. 

Worthy of note also is John WUlLams, a mineral surveyor, who 
preceded Smith by one generation. Willkitie was a Welshman, 
w ho was bred as a miner, served oa a Holdier under the Dutch flag, 
and held various rrsponsiblo positions in the coal and lead mining 
industries. In 17S0 he published a Jfatural Hktory of the Mineral 
Kingdom ^ which is remarkable for expressing some of the modem 
views on applied geology." It contains a largo number of accut^te 
observations, notably on cool and lead deposits. In discussmg 
ore rlepKisite Williams suggests a probable genetio relation between 
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riikcei and mintml virim. Uofortunat^ilT for Williame^s 
jjiimding fis a ^bntklp considered it necessary to prwwnt a 
Llieory aocounting for aU geologic phciioroi>na and to tJiow the errors 
in liutton^s conelusiongp wldch bad then jmt appeared. 

Inasmtich as Williants treated coal depf}eiti; qunntitatiwlj, be 
was for ahead of his generation- He pointed out that coal beds 
arc definitely limitcdj and this at about the time that Werner was 
preparing to Janneh his theory of ^'UniTenial formations-^* A 
few quotations from bis book will serve lo illustrate Williams^a 
attitude: 

Thn teAiilt ni lud iux'edtigiAtion lefulet inferpnee naothar apLaba 

conceoiLTLg c;na.l^ wliich I hLive often beard aaecrted with gnst contldeni^fs, tluit 
coiU tn in^iJiuiulible. That the fund ol coaJ brVfvun>d ap mi FuperSces of iJh! 

for the aecomESfuditinn of vt very great, 1 it^adily nekiiewlodge; but 

that it li liiDxliuiEtiblep in iho prtrper nciuve of tbe W 4 xrtf, 1 deay. 

If our cofldi leany not inexhauiiUbfOi the rapid luad IavuIi eoammpL c^^ them 
calls aloud for the sttantioii of tho Legialature, beoouse iho voiy 0x111001.-0 of ttio 
nwvrrtipnlin depends tipen tlie cootmued abuniLiiiiec of ihiji precioua foqdlr snd nni 
erdy die: tnelrepuluip hut iUbd the ciidtonea of the otbar cid{» and groil lofrad, jmd ot 
the moet fertile ccnintmfi k the ibm kingdoiiM, depend upon iho ebundoace of thiif 
vtduiiblc utkfe; nod moreo^'et, moat af eur valuable mAnnfaetuTei ure 
predicamentj aadf thcrefoter if nuf eoat mmt^ are net inexhatLstihlo, it is high tbie 
to look into the ranJ fftate of mir ooUierles^ 

I feel in myself a sfiwig reluelance ugain^t jwundblg the alaim to my ceuntry Lu a 
mauer of m much importaTtee. I tm but m nbaeiiro indi\idtinl of ’very little eouflc- 
quence in the world, and I have not the least doubt ihai I eihoJl be neverelj ceufnred 
by man y fof tny pfemuuptioii, and thersfoxu: I proceed with i»tudbjii tcinorae; but it 
ifl not guilty i^morw; nn the contnuy, my heart tellji mo* that worn t to toinporizo 
with tny own feelings of rolnctiuice, aitil to coueoul n tmtJi which so nearly eonconia 
the WFlIain ol iho cuuamunity, for feaf of ineimdiag oen-tiw, my sUonce would bo 
unpflrdormble. 

The pieeeut rage for exporting eonls to other nationa my aptly bo compared to a 
caielOffl ependthrifti who wutea alJ in his youth, and then heavily drags on a wretched 
life to tuleefsbla old nge, mid nothing for his bciri. 

While Willisms's dire prophesies, made n contnry a4td quarter 
ago, of the esriy exhaustion of Englamrs coal liavo not been jus¬ 
tified, yet he seems to liaTc been one of the first to uige upon public 
attention tho close relation between fcho prosperity of a nation and 
its fuel supply. He was also a pioneer in recommending governmental 
surveys and inveatigations of mineral resources. After pointing out 
the value of the Cape Breton and other ooab in the British North 
American po^sosstons and roeomraending their devciopment, he gioea 
on Ui say: 

In diecumnf this lopk^ wd prt^iimo to 9 U,gsi;¥l, that ^ In tho fiiwt plico, it m ncccwaTy 
for G^vomment tooxploro and dwcover these cwdi, and lay them bar& for the inapec' 
tion of BritliJicoal mastero or companies^ and witli ihia view* ttii! fifsl thiog to b& done^ 
k Ml employ a pnidcut man of ahilitice and ikill iu the theory and practice of the cool 
bunntfls; to atirvey Uie We^ India eadd uad cciU Bolds; to moke mch trials upon 
the coala oliuady diacoverod, and thoae he juay diacDver, S 3 may bo necOMry to 
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ascvTtiia th? ituckn^^s^ t&nd or oaoh ilratuni of oml Umt in^iy bcp 

judgi^ wtrrth mltvntkiiti; imtl to tn^fco cut ^ JtiU iind aabiiintiiil jrop^irt of ull ilic tiuticHol 
ciRniiBfftutcf^ TolaLinfr to cod^ for tb<? inJorttuidim mid u* ot Ga^trnrficnU wwi 
of rack gfvntlapintt lUifl comt)4liiii?t may mih to IimIc into tM.-? Inlen^tmg qubjiH:t. 

Theafl reoommendiitiorLs for govemmcntal surveys of mioerstl 
recoil rice$ wore mode a generation before they ware folJowod and 
fuUy half a century bafore the nutbzis of tha world vrere gericiull}- 
to accept the principlot Wiillanis also iouobes on some of the prob- 
Jenis which absorb us to-day. ^Uter advocating the inYestigation 
of the colonial coal fields^ he sav^, in words wliioh have a familiar ring: 

litlien liiiff report io mode and miindiffrod by Onv^mmuDiit^ suiEabli^ cncouragcmcul 
flhoiiJd bo oUeiod to gontloiDen and to companies of ctLametorp itock^ and Jibilicics foi' 
tueb undortokirij^t to open and ivcrk aomfn of ihcae ccola. . . . 

Tlio JSifft iiDderULkon idiould bo lUawod a miMoi&ntJy O3;lonfi{vo cemj field, and evorr 
roaAfxnablfl pmilcgo and indul^oce; bul they i^iould fiot have a tnonepolv. 
luivculun^rd ahauM JLav& room to omploy tli&if nkill and rApitAla in tbii lino of buAUit^ 
in the wcQt aa wcU in Bntain. Mcmcpolioti itcldcm do much goad. The viewn cl 
mDnopoliirto are sdwsys too eclEidi and confined to bo of oxteimve utility and public 
bcDcdt. I, 

WhUo WUliams wa^ among the finst to recommend govemmoiital 
mineral gurveySi the idea of showing mineral deposits on maps 
appears to have been a part of a plan for soil maps conceived bj 
Martin Lister a century beforCj and pot into practico by Guettard in 
1740* Sir Arebibald Geikie has credited the first geologic map to 
this eminent French naturalist^ but has not sufficiently empha^isicd 
the fact that Guettard's map also showed the distribotion of mines 
and mineral deposits* Others followed his example, and before the 
dose of the eighteenth centtiiy the cartographic representation of 
geology- and mineral deposits hari become well established. 

The nineteenth century opened during the epoch of intellectual 
freedom which followed the turmoil of the French lie volution. The 
time was favorablG to the progress of science. The schtdar felt free 
to follow scientific inquiries to their logical conclusions untramnidcd 
by the interdict of authority* Nowhere was tlm more true than in 
the field of geology, for, notwithstanding the efiorU of dogmatic 
Uieclogy for upward of half a century to dominate geologic thought^ 
its edicts could hamper the gro^ih of the science but little. 

Further incentive sprang from the development of new political 
ideals. As the Nation b^an to concern itself with Chu needs i>f the 
individual dtizen the Apphearion of science to human needs ivas 
encouraged* T "nder the old r^gituo, so long as the waate of tho ruling 
classes w-ero supplied no thought was given to the wants of the 
masses. When this atrilurle was changed it was natural to seek tlie 
aid of the scientiat in ameliorating cx>nrt]tions. Therefore the dawn 
of tho now century wae propitious nf»t only to the advancement of 
pure science^ but also to a goner aI Appreciation of applied soienco. 
sKiiW’—SM 1D12—23 
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Nowiiero wero condilions for evnlutioti of gi^olagit: science 
bettor thnn ia our own land- Being far ramored from the con- 
troToraios wliifli occupied the solo attention of many European 
goologfetd^ we could accept, or reject w-itiiout projiidicc this or that 
lluK>r>\ Our people had entered u pon the exploit ation of a new imd, 
wilh iwiundtt?*^ pfjHaibllitics of natural wealth, and pioneer conditions 
bnuight roost of them tnin inlimate contact with natural phenomenon. 
Books id travel wTitten in the early part of the eentuQ-^ bear ^ritnesa 
that a elemo ol^servation of gwdogic facta was forced upon every 
traveler. 

A general interest in science and its application was prevalent in 
America* even in colonial tlmea. This was reflected in the scion tifio 
and practical chaiacter of educational ideals. In its first advertise- 
nxent. l=*ajued in 1754^ Columbia College (then called King’s) proviiiod 
for the instruction of youths— 

in ihci artaaf aumhcTin^? iiad fia^^fl^uriiig; ffun’^ykij^ aad Twi\ij^iion; gttigfiiphy 
and hiftory; of huEbaadi>V COBUuiTrCj and govemniffnt, ntid in ihn (n\ all 

tiatuFa in the heftrens albcv's vtt and La Lbo aiTp witer, nnd earth oii^atid tl^i, dad in the 
V4triaii^ klndj of ropteaftf^ minEfl^ and minerals, plantaAnd atiimaUi, lUid nynry- 

uicfiil for the ctKtnfqfi, the coni^iencje and olt^Raooe of life; aarS in the ohiof 
tiiatiufaoLuice of ihsss Lhiti|^. 

This was half a century before the idea of seientifie and technical 
instnictjon had taken root in European countries. In the period 
extending from 17GS to iSll choirs of chemistiy w^erc estabibher] in 
11 C 4 >llegea of the United States. In 1S24 the Rensselaer Pcdytechnic 
Institiiie founded—the first Bchool of applied scicmce in any 

Engli^-speaking country. The avowed aim of this school was to 
apply “sciisncves lo the common purposes of Itfe.^^ Van Rensselaer, 
who fo\mdw! it, w^os a patron of geologic eeience^ and Eatun^ the 
gcjologist, its first president. 

Geology had, however, received recognition in several American 
colleges long before t he foil nding of the Rensselaer Ii>stitute* Accord¬ 
ing to Prof. Hopkins there were 31 American colleges ivliich offered 
courses in geology^ previous to 1S45* Of iheeCj one began teaching 
geology in 1S04, one in 1807* one in ISI &j and one in each of the years 
from 1820 to 1845. The large number of scientific societies feunded 
at this time shows the widespread interest of the people In science* 
Nearly a very tow-n hacl its lycoum of natural bistmw'i wliiie the larger 
oitiefi boasted of academics of science and similar a.ssociations, of 
which several have survivsMl to the present day. In 1819 the Ameri¬ 
can Geologinal Society wati organizod—only 12 years after the found¬ 
ing of the Geological Society of London and nearly 30 yeai^ befora 
that of the Deut.Hch Geologbche Qcseibchaft * 

XunicrQUs joumab dcvc>tc<i to scionco and art were establbhiHl 
during the period under diseuaskm. While some of these were only 
short lived they attest the interest in science of the American people. 
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Another ejcampk of thb inlerest is found iJi the course of lectuTP^ on 
natural libtory whjfllip aeciording to Dr, .^ferrillp ^ boforo 

tile Nci^t York Stato Lei^kliilum by Araoa Eaton in ISIE. 'ITiis is 
probftblT Lho only Instance in ottr histoiy where a body of law makers 
have wrkomod serious imtrtidtion in scientific matter. 

Moat of the collegiate instruction and the scientific sucieties hnd for 
I heir purpose the promoting of knowledge in pure ratbcT ihon appUe«l 
gcologs', but it waa in the latter that geology really had the support 
of tho Atnerican people^ One far'-reaching influence on the develops 
ment of applied grfohigy in tho early part of the last ce-ntury was the 
Bcarcit V of mining engineers or e.\pftrienceil operators, while the vix'a- 
tion of proapcciing was almost nonexistent. Our mining iiuliiiitry 
wiis in the early stagi&a and there were almost no engineers and but 
few so-called practical men t-o w hom the x>et>ple could turn for informa¬ 
tion* In Eurupean eountriesp on the other hand, centuries of mining 
had developed a class of professional men other than geologists who 
were considered authorities on niineral wealth. But in our own 
country* it was the scientist rather than the engineer or the practical 
miner w ho w'Os called upon for information. This not only led to the 
utilisation of science in the prcliminan^ work of seeking mineral 
depsysits^ but aJao had the olFect of forcing tho scientiata to give their 
investigations a practical turn. 

EiUier from choice or necessity, the early Anierican geologists^ 
like tlieir successors of tcwlay, (d^ays emphasized in their work the 
net'ds of the community. McCiure devoted much of the brief text 
which accompanied his geologic map of the easiern United States to 
the relation of geology to agriculture* Eatones first work bore on 
the resources of the region adjacent to the Erie CanaL llodgers 
elucidated the structure of tho coal fields, while Jackson attempted 
a classification of the public lands of the State of Blaine* 

I Ycnturo the opinion that one reason why the investigators of 
thin continent have accomplishe<l so much for the advancement of 
geology 13 that their re&carch has never liecn entirely divorvetl fvom 
the fi^d of applied science* We have hail no ilistUirt schooU of purr 
and applied geology, as there wei-o until recently in other lands. In 
Eurojie them was tho practical school of the miner, whoso adentific 
conception seldom rcachefl beyond hb immediate environment; and 
there was the school of the scholar, whose angle of vision was apt to 
be too witle to focus on facts near at haml. There w-exOi imlee^l* 
somo exceptions, for the scholar Agricola learned from tho miner; 
Wemor’s teaching was, in theory at least, an applkution of geology 
to the mineral industry; and William Smith usati his knowlp<lg0 of 
stratigraphy in the practice of hb engineering profession* Even in 
Eumjfc the dbiinctioo betwocn the work of thc^e two schools has iu>w 
almost dbappeared. 
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Thfi pprieruJ intonst ancl Mth in ftfienfe during thr tsurly histflrT 
of Oiil* country is well axeinplifiod. in the nttituile of puhUo men. 
Oiir first two pro&idents, in spite of the fast that they tliffered greatly 
in tomperiiinent and experience, showed more interest in scion tifie 
work than ftlmmt any of their BucecBsors. Washington's Indning as 
an explorer, sun'oyor, and planter anri his dose conneetioji with tho 
beginnings of the iron industry is perhaps sufficient to account for 
his attitude towar<l ectcnce. Ho is prahably the only President who, 
by his own efforts, attempted to advance applied science. ATiTiilo 
President he startccl an investigation of the soils of tho Eos Lem States 
through pcTRonnl eorrespondenco. More important, however, wiw 
the work of iTefferaon, in bringing about the establishment of tho 
chair of chemistry at the Piniveraty of Virginia, thereby intnxlucing 
scrientific teaching into this country. He also diacuisaed the mineral 
resources of VuT^inia in his hook on that Commonwealth, wrote, 
while Vico President, geologic paper, and, above aU, inaugurated that 
siwtem of exploration and investigation 0 f the tran-s-MMissippian region 
which was to yield such fruitful results in the century to follow, 
John Adams, while he took no personal part in promoting acieiitific 
research, manifested interest iti it by helping to establish the American 
Aciulcmy of Arts and Sciences. 

A review of the conditions which brought about the rapid growth 
of geologic work in thk coiiniry during the first docaiies of the nine¬ 
teenth century ran not fail to consider the jwlitic'ol and industrial 
situation. The "SVar of 1 Si2 had united as one nation the Common¬ 
wealths which up to that limn, in spito of the feilerution, had strong 
centrifugal tendeimiee. During the war with Great Britain N'ew 
England had been on the verge of rebellion, while the triins-.Appft- 
IncMan region wss not held to the East by any strong bonde. 'Tho 
country, rnnt by domestic quarrels and the turmoil of opiwbig 
politiciu factions, paid small heed to the problems of industry and 
coninierca. 

After the war the people thought less about Slate rights and more 
about industrial prosperity. There was no longer a French party or 
an V nglift b party, but men of all political faiths had coma to the 
concluiiion that wa must work out our own salvation. We had 
Icamcid to supply our own material needs during the war, when 
English frigates cut off European sources of supply- To short., tho 
Nation had found itself and was ready to begin to harvest the re¬ 
sources of tho vast territory wliich tho war had settled for all tinre 
was to be our own. Our people, while possessing the self-confulrticse 
of the pioneer, were facing new problems, and, guidctl by their sci¬ 
entific instincts, turned to the sdentisl for help, 

In spite of the faetthat tho war had developed a relatively strongly 
coQtrabxcd Federal Govcrnmuul, yet our poUtical tlieory was still 


AfPLIUP (lEOLOOV—-EBOOKS. 


345 


oue of State rights. Jloreovcr, the llepubUcans were m power, w'ith 
a hopelessly snuJl Fwleraliat iiiinoritT, It was naturtil, tUercfortv 
that the pcnpk, loyal to llieir political faith, ahoiilil tura to the Com- 
TuoDwcalths for aid in daveloping tiie new land. This aid for the 
incjst port took the form of largo grants for public improvement of 
transportation facilities—at first for canals ami w'figon roads, later 
for rail ways. JHiring the pcrioil ending with 1838 the States bor¬ 
rowed sums aggr^ating over $100,000,000 for pur|jose3 of public 
improvemeat. Compfii^ with tliis aum, the expenditures for geologic 
surveys were small. It is a aignificant fact, however, that in 1S3S a 
larger percentage of the States supported goolcgic aurvoyg than in 
any subacquem year until I80». This is graphically iUustratofl in 
figiirc 3. Tho upper curve shows the total number of States and the 
lower the percentage of totol iiumVMjr which supported geologic sur¬ 
veys between 1830 and 1010, 

The very rapid increase in State surveya is aU the more aignificani 
when cuiupared with the status of govemmeiital surveya in Europe. 
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Though much gcolcigic work was done in Eurupeati countries dtiriog 
tlic early part of the century, it was not until alKiut the middle that 
the Governments Ix^an organizing ayistematic surveys. England led 
by estaldishing Jier survey in 1832. Next came surveys of Austria- 
Hungary and Spain, organized in I84ft, of Bavaria in 1851, and Franco 
in 1855. Most European countries difl not undert-ako systematic 
geologic surveys until about i860, or more than 20 years after our first 
maxima of State surveys had been reached. 

As alreadv indicated, the principal influence that led to this fust 
era of State'&nrveya, as Dr. Merrill has called it, was tho widespread 
intcredl in acieiitific investigations and tJio great industriai advance¬ 
ment wiiich created ndeniimd for tiie practical results of such iavesti- 
gntions. A gootl exampleof the faith the people had in applied geology 
is found in tho first geological survey made in Georgia, which was paid 
for by landowners of two counties—a condition that has never been re¬ 
pealed until recently in some of the rich mining districts of tho 'Weal. 
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Another re^on for the krgo numbfirof State gran la for gaoli^o 
work luy in the gcjterul weatward movement of i>opiilBtioii from 
the AUimtic States. This had a twofold effect on geologic surv eya. 
First, it gave riaa to a demmsd for infarnuition about, the now Lands^ 
and second, it put the oldpr States on thoir mottle to hold their popu¬ 
lation. So riipid waa the westward movement that the Atlantic 
Stuttia became alarmed for their future. In 1S15 and I81B the iiigia- 
ktures o-f both North Carolina and Virginia appointed committees to 
demise ineam for chi^ckiog the drain on their population. This was 
unquestionably the motive in fstablisluiig many of tho Eastern State 
sur\'eyB and in directing their activities toward agricuLtural problema. 

Mcanwhilo the Federal GoTemment had under taken the loves- 
ligation of tho rraourcea of the unorgani&'d western Ttiiritorics. 
Tlie ehief purfKJSe aeenis to hevo been a classification of the public 
Undq—a work w'hich was to be interrupted for over half a century 
and then leaumeil tis the proper function of Federal geologists. 

Aoconling to Dr. llerrill * the first epoch of State surveys declined 
even more rapidly than it aro^e, due largely to the financial erkk 
of IS37, An era of promotbnj inflation, and straining of State 
credits te their uttermostj accompanied by a waste of tlie borrowed 
uiiliionis and the lack of any sound Federal fimmehU policy, resulted 
in a mi>iiey pamo^^ the colkpst^ of tmxiy ill-advised euteqjrises, liic 
repudiation of tbeir public debts by several of the States, and a 
witk-^pi^trad eonmiercial deprfsssiicin. It is no wonder tliat* under 
tbt'se conditions» geologic surveys were regiirded as luxuries that 
might w'i'll be spared; particularly ainca these first govemmentiil 
surveys, it must be adiidttedj barcUy justified tbcmaelvos from the 
standpoini of praelkal results. This fact dues not detract from 
the credit due the piom^er geologists who carried on these surveys 
under almost insuperable i[ifriculties. "^Thoy leiuned much alnjut 
areal dktributijn of tbe larger geologic unitsi but most of the investi- 
gatiujis weni not detaded enough to yield n^ulte of practical value, 
ilurpover, even in that day tnanj gnxdogists were still li™g in 
land*'—they euusidered formations in only the two honzontal 
dimensbus; for while tbe vertical element was by no means ignorady 
it. was not clcwly undei^tood. 

During tbe decade following the panic, few States harl Burveya, 
and no great ppi>^pvi 3 s wua made in the science beyond the publica- 
tbu of results attained in the prevbus ora. Though the contribu¬ 
tions to geologic literature by the class of professional geologists— 
whose appearance woe perhaps the most important result of tho 
activity of the previous decode—were net unimportnair yet m a W'holo 
both pum and applied science wem at a rather low ebb. 


i Tbb ms I baw modfr ol ^'Cantifbolkm* 1^ Hbtor^ d AmHiMD'UrHlofy^'^ bj U. 
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Ttie panic ivrs hut a. temporary chuck io tin? tudustriftu, howt-vi-r. 
Till! Uiiliinatcrl prodnctioii of pig iron was 347,000 tons in 1R4U, anfl 
000,000 in 1850, while tho coft! product bn during the some perbd 
iticn^asfti from 2,000,000 to 7,000,000 tons, and the rjulwiiy naileugo 
fmm 2,818 to 0,021. Theso industml ad'k-ancemciita were accom- 
paniwi by tho nipkl settlement of the Middle West, by the boginriings 
of copper mining hi ifkhigan in 1844, and of iron mining in JQchigaii 
and Missouri in 1S53, ntid most important of all, tho discovery of 
gold hi Ciilifomio in 1S4S. All this aclivity gave a new impetus to 
geologic work, which is reflected in the revival of interest in State 
surveys. At this time, too, men began to dream of a tnuiscontinental 
railway, and therefore the Federal Oovemment undertook a more 
systonmtic exploration of the western cordillenm region than had 
previously been made. Tho curve of State surveys, us seen hi the 
fliagram, continued to riao until tho outbrt>ak of the Civil War. 
In tills aeconti c'poch of geologic work the States of the Middle West— 
then the frontier—led. This w'aa hut natural, boenuse lustory has 
jiruved geology always appt'nbd more strongly Ut the pioneer than to 
any other class of people. 

It is difficult to measure tho acotmipliahment of this second ficrLod 
of geolo^c activity under State and Federal auapices, owing to its 
abrupt tenniiiation by tho Civil War, which interrupted many 
important investigations. One fact a lands out clearly: That applied 
geology was the mainspring of most of the research, and tho results 
iiiilicate that pure science had not been tho loser thereby. 

The prosperous time follo^i'ing the CiiHl War in the North anil 
West, ivith its almost unique industrial aflvancement, again centered 
public interest on mineral resourees. This caused the Federal Gov¬ 
ernment to nwiune explorations in tho West, which took tho form of 
areal geologic surveys and 111 some cases detailed study of mineral 
deposits. Ifany States undertook similar work, and the curve of 
geologic surveys arose until tho interruption by the panic of 1873. 

The results thus attained proved a final justification of geolug)', not 
only as an intedlectnal pursuit, but also as a practical aid to mankind. 
While the immediate benefits of these mvestigatinns were laige, they 
were nut so important os the institution of geolo^c mapping, based 
tin accurate mensuration. Gnido as those maps were compared with 
the present standards of refmement, they represent the earliest 
general attempt in tlds country to apply cnpiieering methods to 
gi!ologic problems. It was very unfortunate that this first epoch of 
engineering geology, as it might be called, was so soon interrupted 
and the work practically discantinued for over a decade. The pimple 
were, In fact, hardly educated up to an appreciation of its value; 
mureover, the natural resources tliat could be readily c.xplnited 
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without the did of sciendo eo extengivcs that tha time was hardly 
ripe tu aiake full Uise of tliia new geology. 

We have seen that the piiriod following the. CiTil War esp^ially 
favorable to the dowlopmeut of applied geolngj\ Tine same k true 
i)f pure science. TUkj in fact, has been the history of geology in thb 
coutitrj'—advances in pure science were always Ln more or less direct 
proportiuii to advances made in the applied science. 

It has been shown that, in the early history of the Kation, the 
genius of the American peoples was essentially scientific^ A deep 
interest was felt both iu the facts and deductions of scieti.ee, and in the 
Airuits of life deference was paid to the opinion of the investigaton 
Unfortunately^ for reasons which are diMcult to fathom, this scientlhc 
Attitude gradually declined. At the beginning of our natfoital exist- 
ence we were in close contact with the intellectual life of Europe, 
which WAS tUrti essentially scicntilic. Tliis gave us tmr JEirat intel¬ 
lect UEd stimulus and led i 4 s to do our full share of the work of advano- 
iiig both pure anil applied science. Then came an interim between 
the time when we forsook the intellectual standards of the 01 il World 
and before we fully established those of our Meanwhile, the 

opening of a continent, with its unbounded resourcesj wo^ edmilated 
to britig out the ohaiiicteristic effidenej and self-reliance of the aver¬ 
age American* Then gradually developed what may be called the 
era fif tho '^practical man'^—an era chai^terized essentially by 
un^^nentihe thought among the mass of the people. The '^practical 
man^* nu\v became & national fetish, and tho people, overlooking the 
fact that his success was due to energy and opportuniU', attributed it 
rather to the abs^^nce of technical and Ecientlhc knowledge. Nowhere 
this national trait better ^hown than in tho mineral industiy, 
where the eiw of the '' practical mau'" cost the Nation untoid millions* 
His diz^trust of applied science was deep-rooted. Eor a generation 
every jninlog community swarmed wdth these self-styled experts, 
whose technical imd scientific Umitatium w^ero only exceeded by their 
bkttiiit self-assertion. 

Unfortunately, at tHs time tlicrc abo developed between the 
geologist and the mining engineer an antaganism which was detri¬ 
mental to the advances of the science. A school of geolo^ aroao 
wtiicb revived to a certnin extent tbo ancient practice of specula- 
tioa without ubacn'niioD and regarded lUdf aa moving in a higher 
intellectual sphere than that of the en^ncer, wdto dealt with practical 
problems. On the other hand, many engineeis came to regard all 
work of the geologist as cither viaionary or purely speculative. 

Since tho rise of tho modem school of applied geology, W'tvicli may 
he fiiud to have bi^n in tho eighties, Lhia antagonism botwo^^n tho 
engineer arul tlie geologist luta gradually disappeared. The geologist 
hjus made hia results of more value by Adopting some of the metliodi 
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of the ettg^neer, while the enguieer no longer liesitatra to use g™logy 
in his own fiald. Both profesaioud hevo been improves I by this mu- 
luiil lielp^ uml the geologist hes by no meana gainotl the least. Tlie 
modem mining engineer now recognizes thut, even in liis own special 
field, scienUrie investigations ore cssuntial. Tliis is ovideiited by thn 
general hearty &np[>ort given hy engineera to tha new Fader^dBiurcau 
of ilinc?s. 

It is not neecssary to dascribe in detail the recent progress in applied 
geolijgy. While most of the countries of ilia world have taken part, 
it is a field that the American geologisL has made peculiarly liis own. 
^\jnong our important coutrihudDns in tlib Belli is tJte geology of 
mineral oils, jiresenLad by Mr. Caitipbeli to this ^oeiety last year. 
In this, as in the survey of coal deposits+ stratigraphic and stinictural 
geology have almost come to bo exact sciences. Equally important to 
to the Nation arc tlie reouUs achieved in undeiground water investi^ 
gations. The tectonics of mineral veins now also appromdies an 
exact science; while niaiiy of the conchiidoQs on the genesis of ore 
bodies, *notably that of eecondaiy enrichment, are among the tii- 
mnph^ of applied geology. 

Moreover, the field is being extended. In Gerrauaiy the work of the 
geologist is regarded almost as essential to railway or canal location 
as that of the engineer — lesson wo have only recently kamed at 
Panama. The investigations of soils is now a distinct science, bused 
largely on applied geology* Qneatimis of public health, such as purity 
of water imd saniiaiion problcmsp aEc in part foil in the domiiiii uf the 
geologist. 

A significant phase of the new epcKnh in applied geology is its con¬ 
tributions to pnUticiU econoMy. A strildng example of tbb k the 
geologic survey of Korea, executed by the dapanci^o during tlicir 
war with Russia, It need hardly ho said that this was not made for 
the pui'poso of advancing geologic knowledge, but solely to gw in a 
scientific ViJuation of the land which ivas costing so much blood and 
treasure. Though the present status of the science docs not permit 
of a quantitative determlnutioa of resources wdiich is more than ap¬ 
proximate, yet the fact that geologists are being cjUIchI upon by politi¬ 
cal cconamists for 4issistance indicates how fundamenttdJy the science 
affects the welfare of tile Hation. 

This hktorical sur^'oy of applied geology^ in wliich special emphasis 
has been laid on its progress in this country, seems to point to sev¬ 
eral conclusions* Firsts that much of the modern sdcnco of g^jology 
originated in the field of applio<l science* It was the striving of man¬ 
kind to solve probJejoe of material welfare that gave the flr^t impuke 
tu goclogic thought* Second, that, m a rule^ the science has made 
most rapid strides at ikuso times w'hen its study vroa iiispiroil by a 
doairu to adiiovo seme pFactical end. ^'Tbeiieviir geology htis become 
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ootiroh- (Uvortiiul from iiidLigtry it hm driftfld toward puro apecwla- 
don. Tlio goologiata of tho ptiSt, liko thoao of tko present ^ roceivod 
munh of their iiiapiriiiion from tlio firct that I hoy werei adtliiig to tho- 
ninti^riiil welfare of inankiti.d. Womer. Humboldt, Von Bnch, D« 1u 
Bwho wero not only triiunMl m mining engii^eers, but cfuitinuud for 
muai of thoir careers to hi* hniuiatiily connected with tho mining 
mdusm\ Dcsmareiit devoted mo^i of hiA life to promoting the indua- 
trin] advancement of France. VfilJiiim Smith was an otigineor beforo 
ho was a geologist^ and even Hutton knew from poraonal experience 
iho valuo of appljdng tho sciences of ttgriculturo'aiid chemistiy. On 
this continent McClure, Eaton3odgmfc Owen, Lfedio, Logan, Whitney^ 
OrtontCooktHawsun, and King»with a host of othora, woie all identifletl 
with this industrial application of their science* Tho elder Sillirnan, 
in an account t>f has own traiiiiug in gecplogy> add, I learned in tho 
mining dtitricta how and wlnit lu observe.” The years that Dam 
ajH-nt on explorations ma}" be counted in iho fiekl of applied geoiogy. 
JiuiK^ Hall, for two generations the ieader in Arnmoaii geo|ogy and 
the foiintlcr of that organization which for throenfiuarters of a cen- 
tun' hm proijervfld tho highest sciontiiic idcak, gained his early 
inapiriabn in studjing practical problems. An enumoratinn of tho 
loiulhig geologists of the present gemifration will, I think, show that 
tlio larger part huTo given much attention to the niftteriiil appJicalitm 
of geolog}'. 

The recent cuMjnomic trend of gci-ology is only a counterpart, of 
similar lomlendfit in most fields of scientific researcli. Tim intro- 
ducilun of acionco into practical affairs is a feature of tlio present 
age. It has come about not only because as the sciences progressed 
ihoir results wvr« more directly applicable to material problems, but 
mon? apci^billy becau^ of tho gradualJ)" changing conditions through¬ 
out tlie world. ^Vith a sparse population and abundiuico of natural 
res^oircaH tho iii\ed of applied science ia never so evident as when 
tho lamia bocome crowded and the more reaibiy accessible resources 
depleted. The pf^ople of a virgin land need pay small huetl to ox- 
haustion of snit or destruetton of forests, and can cany on shallow 
mining operations mth, httle recourse t« science or technology. It 
is only when increasiug population rasulbs in a demand for a greater 
food supply and mak^^ sanitation import ant ^ when the depletion of 
timlKir becomes a factor in cost of struciures, and the superficial 
depf^sibi can no longer yield sufficient minerals, that the iteod of 
sdeiiiiiic knowledgo beconu^ atrcmgly oinphasketL This stage ha^ 
Ijfion reacheil in most of the civilized countrh^ of tho world to a 
greater or less oxtoni, arnl tho evils of rehitivn overpepiilation and 
depict ion of nature^a wealth are r vaulting in mi appeal to applied 
science. Cldna stutida fdono among the great nations of the world 
in utilmfig acientific thought to hotter the corulitiona <rf her 
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puoplo. Hio proa wit tutinoil in Cliiiui u-wt probably Ik* intOTprotod, 
in tho last wjulvaLj, as a pi^t*>at against I bo affnini o f stato being 
.guidiul by tho clasiaicisL ratllor than by the seiontUl. 

IfMiilo we may criticize Cidua for not accepting Iho dictum of 
science^ wo have only recotilly dojiarted from a Rinuhir attitude, 
though our nhuudant rijsotirccs have nuido our own faults less con- 
a|)iciJou 3 . Ill tills respect the pivwiiit generation has made greater 
strides than all that preceded. We are uow apphing science to the 
affniia of the Xulioii us never before. The old-fashioned publicist, 
wiih his chuiifdoul educatioti or, at least, traditions, is being sUouldei'ed 
out of the way by tlie man who analysis the problems of public wel¬ 
fare on scientific priiiciples. Tho trained mvesdgaior is being more 
and mere appealed to in the alTairsof tbe Nation, In tliis we are 
following Germany, whose long leadersldp in pure science bas now 
been overshadowed by her leadership in applied science. We have 
begun to realize that it ia one tldng to win prosperity and happiness 
out of the laiunty of a new land, another to gain it by utilizing n?- 
aourccs which can only be made avaiiable by scientific genius. 

Mr, Gilbert has said that ‘'pure science is fuudamentally the 
croaturi! ami servant of the material needs of mankind.” Yet it is 
not uncommon to find the devotee i>f pure science ussimiing that his 
field is on a higher plane than Unit of those studying problems winch 
involve the material welfare of tho human race. This seems gpocbdly 
true in the field of goolcgj-. If a bacteriologist finds a new tojun for 
a disease germ, a botanist a new food plant, a sanitary engineer a 
iiicasiire for preserving human life, all unite inconimending Ids work. 
Y'et there are not a few geologists, though 1 believe a constantly do* 
cteaaiug number, who seem to view with suspicion any attempt to 
make the science of getdogy more useful. Those who are dovotuig 
themselves to economic gii^cilogy are eluiiged with coimnercialLzing 
the science, os if the applying of its principles to better the conditions 
of the people w-erc not tho highest use to which scieutiiio research 
could be put. Ono reason for this attituide is because much w'hieh 
has been masquerading as applied gcologj* b not science at all. The 
commercial exidoitation of natural lesonrces under the cloak of gc^olcgy 
b not to be confounded with geologic research that has for its aims 
the applicutioD of scientific principles to tho needs of man. 

The geologist who b studying the resources of tho public doinam 
to the end that a sound policy may be ailoptod for their utilization, 
or ho who b gaging the exhaustion of our mineral wetilth by studying 
statist leg of ^iroduetion, b duiiig hb share of scientific work no It»s 
than he who is engaged in the more pleiifling task of ovifiviag new 
geologic ])rinciples. The mastem of the science have not hesitated to 
turn their attention to econoude problems. Clarence King deseni'es 
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no credit for Ids aid m opening up tic Weat by oconomic investiga- 
doTiij tban for hb coulributiona to knowledge ott tiie age of the cartlL 
We think of Powell 09 one of tho foundei^ of physiographic 
geology, but hia niemoiy will live rather for employing science to 
make “availnble the latent fertility of the arid tenons of tlio 
Sorctv no one will charge King or Powell with commercialiaing their 
science. 

As I SCO it, there lies no danger in the present trend toward applied 
gfwlogy, provided our applied geologj' rests on a broad basis of 
scientific research. If the spring of pure seieneo is cut off, the stream 
of applied geology must soon run ciry. Thero b no field of pure 
geology which wiQ not yield roaulta applicable to questions of inatoiM 
wtdfare. On tlie other hand, any given investigation in applied 
geology may lead to problems of paleontology, petrography, geo¬ 
physics, or otiinr branches of pure science. In view of the pressing 
demand for r^ults, we are justified in giving precedence tu thoso 
fields of investigation which promise iho earliest returns of niatcrltil 
value. There is, however, grave danger that, carried aw'ay by the 
present furor for practical results, wo may lose sight of our scientUlo 
ideals. Applied geology can only main tain its present high position 
of iiscfttliiess by cuntinuing the researches whicli advance tlie knowl¬ 
edge of basic principles. Futuro progrest! in applied goolog)' depends 
on progress in iiuro geology. 


THE BE1^ATI0N»S OF PAEEOBOTAXY TO GEOLOGY/ 


By Dr. 7 , E. KiiowLioj!. 
Unilfd SUiUt SvTVtj/. 


Althoiigli therv b mention of foanil ptante in litoratviro as 

oarly Ji» tJie tliirteeutli century, and unscii ntiiic adumbraliona in 
the faintly groTring twilight of the sucewtiing centuries, tlie real 
science of paleobotuiny did not Imre its beginning until well on. in 
the nineteenth century. With the publication, in 182S, of Brongni- 
artb**Iljatoir6 de» yfglfUijix fossilos" Eindtho “Prodrome,” there was 
giren to paleobotany *'that powerful impetus wliich found its inline- 
dialc recognitirm and called into its service a large corps of cotahorers 
with Brongniart, rapidly multiplying Sts litenituic and increasing iho 
amount of materiid for its further study” (Ward), In the eucceoding 
decatlea, even to the close of the century, tlio students of pnleobotany 
were mainly ooeupied in accumulating data as regards ilbtributkm, 
botli areal and vertical, and the opening decades of the present cen¬ 
tury find the subject a recognized, respected, coequid part nf the 
general field of jmleoiitology. 

Paleobotany, togistlier witli all the other bi'anchcB of paleontology, 
admits of aubdivision into two lines or liclds of study- -tho liiological 
and tlie geolo^al—depending upon tiic promitifincc given to tho one 
or the other of tlicse phnaea of the subject, Tlio biological study is, 
of courec, concerned wtpcchdly with the evolution of the vegetable 
kingdom, that is, with the tracing of the lirtea of ilcscent through 
which th© living flora hiis been developed. A.** tliis aide of the ques¬ 
tion will be taken up by other contributors to this discussion, it may 
be liismissed from further consideration, ns tile geological aspect is 
almost exclusively the phase of tho subject to which the present 
paper's devoted. 

In the fimt place it will be necessary to call attontinu to tho fact 
that the successful use of fiiosils of any kind as stratigraphic marks 
is—or at least may be—entirely uKlependent of their correct bio- 
lo^cal interpretation. To most botanists, and indeed to some paleo- 
botaniste, this statement will doubtless come as a surprbo, einco 
they have conic to imagine that the impressions of plants, tho form 
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m whkli they fi«* mo&t miiclo tiae of in this connection, nrc so indcd- 
nitc, indistinct, and unreliable that they can not bo ullocatcd bio- 
logicolty wjtli cvon rcaRonable ocrtuinty, and bonce are of little or. 
no Vidoe, As a matter of fact Imrdly anything could i»o further 
from tlic Inlth, and it can be conlitlentiy stated that it inakea not 
the slightest difference to tlic stratigraphic geologist whether llie 
fossils upon which he moei relies are nameil at all, so long as the hori^ 
2 c»ft whence they come is known and they are clearly defiruMl and 
capable of recognition iincler any and nil conditions. They might 
almost u» well be referred to by numljor as by name, so long as they 
fill the rcqulrenients above demanded, tliough of course every strati¬ 
graphic paleontologist seeks to interpret to the very ijcst of his 
knowledge the fossUs lie stwlte®. ilo inay—«louhtlcsB often docs— 
make mistakes in hb attcmptis to understand them, hut hb errors 
aro undoubtctlly fewer Uum he ia not infrequently charged u-ith. 
Ills faculty of olaservation is rendered acute from the cloeo stmly of 
the TOitricted and often fragmentary matciial available, and he has 
Iccmefl to see and make use oi charnctets wldch arts often ovVilooked 
or wholly neglected by the botanist. The latter, own when he has 
before him tlie complete living phuit, including root, stem, and foliar 
and reproductive organa, sometimes experiencea difficulty in eor- 
rcctly placing hw subject, and, to judge from some recent work, 
there are paieobotanists who study only the internal structure i*f 
fossil plants and yet are Ijcset with extreme difficulty In uiterjireting 
their biological significance. 

It may then be taken aa settled thnt iho netnls of the strat^iphic 
geologist 1)0 met if he is aupplietl uith a series of marks Or tokens 
by which, he msy unfailingly identify tlw various getjlngieul hnmons 
idth which he deals, while to the liiatorkid geologist who makes uso 
of fossils m unraveling the succession of gi-olugical ovents iho correct 
biological idendlication is of the greatest importance, for upon Lliis 
rests Ids interpretation of the sncci?fifUon of faunas and floras that 
have inhabited iho globe. As the late Dr. C. A. Tiildte has said, 
"If fossils wera to ho trcatMl only as mere tokens of the respective 
formations in which they are fnutid, their luologicid classiftcatioti 
would be a matter of little consequence, hut Ihdr broad Bignificatioii 
in hiatoried geology, no well ua in systematic biology, rondena it 
necessary Uiat they be classified ns nearly its possible iii the manner 
that living animolB and phuits arc clashed.” 

While it is in no way dedred to overlook or underestiniato the 
biologic value of such fossil plants ns have fortunately retained their 
iiitcrmd structure in condition for successful study, it is probably 
safe to say that their value to geology as compared with the impres¬ 
sions of plants ifl as 1 to 1,000, and had w'o only the former Uwro 
never could have been doi'eloped the sdence of struligrapUic palco- 
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botanv. For Fxampk^ thf coUpcCioiiH tsf ihn I'iiUfcJ State;® Naticutul 
.\[u®f>ii]nt ombmeo nvpr 100,000 sppcijnotifi of tlio imprF^akiiL® of 
, PfJt^ozoic pltLutfl, whoreafli of ilnm ehowifig iiitoniaj strijotorcf thfm 
is hjirdly a half dozen unit tmy% full. In the Mee?>zoic und Onozoic 
cuUoctionfi bolonginj^ to the sjuuo malitiilion therr arc the^uEanda 
upon ihoiiSiincls nf apodmoiis from hunitnHJs of lQciiLlitic?e and homom^ 
while u{ those rotHiniiig Llioir in denial structuro there are bo few that 
they con almost be nuniboreii in Urns. 

Then" is another nml an e^(:t'Uent practical n^a&on why the impn^ 
siotis ttf plants aresj, and wiU idways romaint of mi>n) value to gpidisgy 
tlxan those exhibiting internal atructure, no matter liow well this 
structure may be prescn"ed. As eoon as a plant impression h ex“ 
huined it is mstaiitly ready for study and may l^e interrugattHl at 
once as to the stratign^phic story it has to when^is tl’io plant 
’ttdth the structure preserved usually shows little nr nottdng on a 
superficial examination | and requirea ialHirious^ expeimvo prepara¬ 
tion before it can be identified. For example—tu makn a personal 
application—for the past five years I have armualJy 8tuili^L=*d and 
rrpcjrt^ on from 500 to 700 ooUrctions, each of which embracc^l from 
one to hundirde of indimduala,, and with them have bidpctl tlit' gee Jo- 
gists to fix perhaps 50 horiaona in a dozen States. If it had bi^en 
necessary t<j cut sfretieus of these sperimens before the geologist 
could have had his answerp it ia safe U> my tiuit veiy- little would 
have been accomptishod. 

^\il fossil plants must bo interpreted by and tlirough the liv ing 
fieni- In the more recent geological horizons the phmts are naturally 
found to be most cJosrly relat^Hi to those juiw livings but nS wo proceed 
backward in time tlie reaomhlanc; 4 ^ grow' h'sa and less, and finally wo 
fintl ourarfvea in tlic presenco nf Horoa n large percentsge of which 
are without known or cloariy recoglli 2 ^^'ll lining rep rear n tat ives. In 
describing these and making tlxmi availablo for B(ratigrapluc usi; it 
has bin'll necessary to give them genoric and specific names^ after 
the analogy of the living floraSp eo that wo may have convenient 
handles by w'hich to use them. Many of these aro confessedly what 
may l>e called genera of convenicticC;p such^ for example, being many 
of tho genoni of tho sO'^caUed "fernR of the PalmKoic. Somo—but 
especially boianists—unfamiliar with the geological uso of fossil 
plants liave argued that it is unsafe^ or even actually un'^visOj. to 
venture to give uaiiieSj not only to those without living reprcsfmta- 
tivrs^ but even to those ob^riously belonging to lining groups, A 
reply to this objection ecems uajiccessaiy in view of what has been 
said. 

Tho practkal appllration of fossil plants as an nid to geology may 
he briefly mentioncth There have bpen tb^srriln^! from—let w say-^ 
North Amcrira, ujwunis 5|00(S species^ of which number some 
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nrp foufmed to the Polcoxoic, p^rlmps 2,000 to tho MesoKoic, 
and t,5tW to the CenoEoic- I>uring tho 60 or 70 yenw ttnt th« 
iiiformtitlon hns l> 60 !i uccinDuliilHig it lifts devclopwl tlmt crrluin , 
species orotlipf groups enjoy ft- conaidoriible time range, and therefore 
Rfo of little value in nnsworuig rlose fiuestiotis of age, vhilo others 
aro of surh limited vcrth'al distribution that their presence may inrli- 
ent® instantly a ddiirtto horizon. "Phiis, if ho find in association 
impressions that wo have named ^lordcjiskiSldii 

rupta, Paptilvs emneaia, etc., it is knowni instantly that wo ar® dealing 
'nit.h the lower Eocene Port Union formation, sine® not one of these 
species, together with soi’eral liundrcd others, has over been found 
outside iMs horuson. Innumemblo other concrete examples could 
of coum® be given, though hardly iiceffiisaTT, yet it may bo mstructivo 
to note that within a single geographic prOTince—the Rocky Moun- 
tuin region—the several pinnt-baaring fomcifttions present ar® chorac* 
tcmetl os follows: The Kootenai by 120 siiocies, the Colorado by 
perhaps 50 species, the Dakota by 460 spories, the ilontana by 150 
species, the IjirBiuiB by 1-10 species, the Arnpalioa by 30 Eptwies, the 
Den ver by more tban 140 species, the Fort Union by from 500 to 700 
Epecics, etc. This shows that, as Prof. J, W. Judd otic® said, “ W® 
Btill regard fossils ns tU® ‘mcflals of creation,' and certain types of 
life we take to be as truly characteristic of dejfinite periods as th® coins 
whii'li bear the image and superscription of a Roman emperor or of 
a Snxon king.” 

JuBt a word may bo said on the oconoraic appliCHtion of strati¬ 
graphic paleontology. It is perfiapa safe to say that never in the 
history of American geology has thero been so cltae an mterrelatioa 
and dependence of geology on paleontology as at present, and of this 
confidence paleobotany may justly chum its full share. Thus, of the 
e^’en dozen of paleontologists in the employ of the United States 
Geological Survoy and covering *dl branches of the subject, four are 
pulcobotaaists. 

Among the many sufaskliari' jiroblcms connected with the applica¬ 
tion of paleobotany to geology, the use of fossil plants as indices of 
past climato Occupies a most importojit place. Aa the majority of 
plants ora attached to the substratum and hence aro unable to mi- 
gntln like most anmuilq when the tempomture of their habitat becomes 
unfavorable, they must either give way or adapt themselves gnnlu- 
ally to the changed conditions of tlieir envmmment. Therefore, 
fossil planuii have tdwajs been accorded 1 first place as Uldires of past 
elimaU^. “They are/’ os Dr, Asa Gray has said, “the thermoin- 
eteta of th® ages, by which climatic extremes and ctimat® in ganatal 
through long periods are best measurexL” 

To those who have not given especial consideration to the subject, 
the idea appoam to obtain that climatic variallom, such os now 
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exists jYrci ponuii] or md that they were pre5t^3rit without 

ninrkei! iltlTeiri^ceis during all g^ologkal ages. It b now rstablbbeJ* 
boweveTi that thb conclusion b entinaij withont gwlogical or paloo" 
t:K>ianical warranty imd that the most protiounce<i climatic different 
tktion the world hji« knot'll e^xtcmle only from the PUorene to the 
pi^nt. At? a mutter of fact wc of to-day are living in tho glacial 
epewh in what possibly is only an mlcjglatial period, and wo know 
tlial ilie time which hn3 elapsed since the close of the lost ice invaaion 
hits been of less tluration than was onOi and possibly two, of the 
Ploiatocene interglacial periods. We abo know that the dim ate was 
milder during those hitei^htebd mtcrvuJa than has obtainefl since the 
final rotroat of the ice, asshownby the fact that in eastern Xorth America 
ccrtabi apetdes of planta then reached a point some ISO miles farther 
north in the Don Valley than they have since been able to attain* 
The <levelopment of strongly merked dim at k jconcSp at least between 
the pelar circles^ is^ ihciij exceptional and abuortnah and wo have 
no oviilcnco that in any other jMist-SUurian pcricHl, with the possible 
exception of tho Permo-Carboniferous periotl, hmj tlio dimatic db- 
tribution and Hegregatlon of life been so highly differenHated and 
complicated as ui post-Tertiary times/^ * 

The regular and normal conditions whidi hare existed fc?r vastly 
the greater ]jart of geologic time have been markec] by relative 
uniformity* mildness* and comparative equability of dimate- Thb 
b abundantly ahown by the almost world-wide distribution and 
nmarkablo uniformity of tho older floras. When, for instaneCt we 
find the middle Jurassic flora cxtcncling in practical unifonnity from 
King Karla Land, 82^ N.* to Lcnkhi Philippe Ljind, 63° S., we h^vr 
cmiditioui^ which not only bi^poak a practkally contmuous laud 
bridge, but exceptionally irniform climatic condithms. To have 
made this possible there ct>uld have been neither frigi<! ptdar regions 
nor a torrid equatorial bolt, BUch as now exbt. Tlie absence of 
growth rings in tho stems of these plants, ns well os the presence of such 
warmth-loving forms os ejeads ojid tree ferns* point to tho absence 
of seasons and the pnsence of mild and equable climatic conditions. 

Another example of similar import k afforded by the early Penn- 
jsjivanian flora; that is* tho floni of the lower part of the Upper 
CarboniTcnunt. Whenever terrigerous beds of this age have been 
diacoverccl, rcprcisentativd^t of this peculiar flora, which Includes such 
common gencru as Si^iffori^i, Sp^^mophyUumf etc.* 

have been founds this dJetribulion rangiug from South Africa to 
Brazil and Argentina, and thence over the northern hemfephero. 

Similarly, the Mississippian flora (Lower Garboniferous) has been 
found in Spitzbcrgcrii Greenland, and arctic .lUaskan and thenco 

1 a* jltoju 
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BO nth over Euiojw nnrl Amcricn, a-nd nlthough Hompwhj*t older 
tJittn tho lost, is dietiiiuctly related to that in Ai^cntiiia. 

On pasfliDg up in tHo geologic time «cale we find that during late 
Mcsozoicand earJyCenozoic time the present dominant typea of vegeta¬ 
tion were firmly estahlifthed. Witii what probability of succcee may 
these floras bo Inteirogated as to the climatic conditions under which 
they existed ? We find from a study of the preseni, flora that certain 
types of vegetation, os well os certain plant nssMwiatioiiB, have definite 
dimatic requirtmente. Thus, Artwsarpvs, or the bread fruit trees, 
arc now confined to within 20" of the Tropica, ehnwing that they 
require the moist heat of the torrid regions. If, now, we find that 
ArtaoarpiiA once throve in Greenland, 70" or more north, during Ce¬ 
taceous time, we feel justified in assuming that its climatic require¬ 
ments were not very diHerent from those of its living rcpresentativis. 
And when we find that it waa then in sesoemtion, as it is to-day, 
with cycadft, tree ferns, cumamonfi, palms, and other distinctly 
tropical forms we arc confirmefl in the opinion that at that tune 
Greenland must have enjoyecl a tropical or at least a subtropical 
climate. 

Another example is afforded by ti\c Fort Union formation. In 
the rocks of this horizon, which now occur on the wind-swept, almost 
treeless plains of the Dakotas, Wyoming, and Montona and thence 
northward to the valley of the Mackeimo, are found ramains of 
Sequoia, Taxodi'um, 'Htuya, Ulmvs, Populuv, Vitis, Platanas, Sapin- 
dve, Oorylus, JuqUtxta, f/ieoria, etc. From this array ■wo 

feel jisstified in asHuming a cxmjI to mild tempera to climate for this 
early Eocene flora, and further, from the presence of numerous, often 
thick, beds of lignite, that there was a much higher precipitation than 
at preaent, 

A layer of fan-palm leaves a foot in thirkness in a formation in 
northern Washington indicates dlmatk PMiuirements in which the 
minimum temperature did not foH much if any below 42" F. The 
presence of numepous West Indian types in tho Miocene lake beds of 
Florfesont, Colo., would alone point to almost tropic(d conditions, but 
as these are associated with others of more northern affinities, it 
secniH safe to predicate at least a warm temperate or possibly sub¬ 
tropical climate. 
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To write the hist-on' of the cia^th id n von' different undertekiiig 
from wTitinj^ the history of a people. In the latter cftae^ ft diligent 
Heekor ran nsiially find some anoioDt monastery where farsighted 
historiims of an earlier goneratJoD have collected the more important 
recorrld ^vhich he reciiiLreSj and placed tlicm wdthin roach of hb hand» 
With tlie earth^s histoiy% which is the province of geologyt it ia an¬ 
other matter^ The great globe has been millions of j^ears in the 
makirig^ftnd except for a mere fragment of its most recent historyj 
it has had neither a historian nor an ob^rver. formation has 
not only extended over an almckst incomprehenf^jhle interval of time, 
but vre have no parallel In oor limited experience to help %m to under¬ 
stand its complicated developmentp and no system of classification 
adequate to the task even of grouping in an orderly way ail the ob- 
ficrvcfl rock and mineral formations wifJi reference to the forces 
which moldcil them. And even if we could correctly interpret all 
tho vieiblo rork records we are still quite helplei^yi to comprehend all 
those curlier activities of the formation period, w^hose record is now 
obliterated. 

To the etiidanb of tho earth's history^ therefore^ the problem of 
gathering and ordering such a widely scattered and heterogeneous 
collection of effects and causes k one of somewhat overwhelming 
scope and complication. In the mdtisirial world a situation of this 
kind soon results in replacing individual effort with coliectivo effort 
in the organization of a system of a scope more appropriate to the 
magnitude of the task. Wo are familiar with induatrla] oi^aniza- 
tiou and tho wonderful progress in the development of Americnit 
industries which hae everywhere followed it. Wo are also familiar 
with organized geological surveys and the success which has attended 
them in geological and topographical clarification. But the idea of 
organizuig research to meet a scientific situation of extraordinary 
scope and complexity is a till comparatively new. The very w^orda 
*^scifince*^ and “research'*' arc still regarded aa referring to something 
out of the ordinaiyp something to be withheld from the eornmnn go^e, 

^ rnaldMalkl ■fldicsi d«tl7trfid ^ tbi TOOih mnUnx of thi PhUAwpbjMl SootvEy of WBBliin^taQt 
ReptiaeAdl»ypamissfan fniAd JaamaJofW«aia|lL»4l 
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to hi!! kr«pt Uifkkn in r iiithc bf>hiiid n in^-^terious^ curtiin aiiH 

s€T\i^\ by fjricfttfl of poculiiiT tompc^rjunent flruf unprftCJtical idonis. 
Thk b both diR|>n 4 -!igiiig io our pood sense and projiidicial to the . 
progress of knowlpcigo. Scientific research U not a lu:siiry' it is a 
fundametiUl iieecssity. It Is not a European Fad, hut b the very 
cssrnco of the tremon<lous technologic and iiwluBtrial siKJCcaa of the 
last 20 years, xn which we have shared. 

Prof, E.L. Nichols, of Coniclh as retiring jiresident of th^ American 
Association for the Advancement of Science^ put ihc ca^e in this 
wry; “The main product of science (research] * ^ ^ ia knowl¬ 
edge ^ Am onrr its by-pmulucts are the technolo^c arts, including 
inventionp engineeriag in all its braiichcs+ and modem industry 
Tlic idea of scientific research is therefore not less tatigiblc tbim 
industrial dovelopmontt or le^is practical; it is merely one step moro 
fundamental; it is concomed with tlio clLtcoveiy of principles and 
ixiulcrljing rolfttiona rather than their application^ This being tnic, 
research should profit as much, or oven more, from efiicient oigaai- 
zatirm as industrial development has done. 

Although this couclmion is making its way but slowly in American 
Kcicnce, in geological rcscarchj where material must bo gnthcred 
from the utmast ends of the earth and even from within it^ and 
wdiere ixearlv' every known branch of scientific activity fineb some 
applxcatioHj there is a peculiarly favorable opporttinity for organisced 
effort which ia already coming to be recogubwh '^So long as geology 
remained a descriptive science," says President Van His^t Wis- 
consinp ‘^it had little need of diembtiy and physics; but the timo 
has now come when geologbtfl are not sal bfiH ivhb mere dc^crip- 
rioQ. They desire to interpret the phenomena they see in refer¬ 
ence to their caxises—in other w'ords, under tile priutipleas of physics 
and chemistry. * * • Thb involves cooperation between phys- 
iebtS;, chcinists, and geologiats/* 

In a genend way, physics, chemistry, and biology have already 
supplied working hypotheses which havo been use<i by etudenLs of 
geology to help in tie oxanmiation,^ clojssification, and mapping of 
the most conspicuous features of the cs^posed portion of the earth. 
The geologist has gone abroad and has studied the distribution of 
land and water, the mountain ranges, the erosive action of ice and 
of surface water and the resulting sedimentary deposits, the distri¬ 
bution of volcanic acdvily and of its products the igneous rocks; 
or, more in detail, ho has studied the appearance of fo^ds in certain 
strata, and has inferred the ^sequaueo of geologic time. The distri¬ 
bution of particular minerals and of ore deposits has been ewrcfuUy 
mapped. Resgiena which offer evidence of extraorditiiiry upheaval 
through the exerdsa of physical forces have been painstakiugly 
examined, and so on through the great range of geologic activity. 
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In a word, tht fioStl h&a l>een given a thortiugh general esawination, 
but the manifotcl problems which thw examination has developed, 

* although early recognized, and often the subject of philosophical 
apeculation and discussion, still await nn opportunity for quajitU 
tativo study. They are often pTobloma for the laboratory and noi 
for the fiehl, problems for exact niflflsuronient rather than for infer¬ 
ence, problems for the phyBicist and chemist rather than for the 
geologist. This ia not a result of oversight; it is a stage in tlie 
development of the sciences—first the location and classification of 
the material, then the laboratory study of why and how much. 

Certain indications have led us to believe^ for exantplo, that the 
earth was once completely gaseous and in appearance much like 
our son. Indeed, it possibly formed a part of the sun, but through 
some instability in the system becaino split nff—a great gaseous 
ball wHch has tooled to its present condition. Tlio cooling probably 
wont on rapidly at first until a protecting crust formed about the 
ball, Uirn more and more slowly, until now, when our loss of heat 
by radiation into space is more than compensated by heat receivtHl 
from the sun. Obviously, the earliest portions of this history ore 
and must remain dependent upon inference, but the formation of a 
solid crust can not advance far before portions of it become fixed 
in a form such that further disturbance does not destroy their 
identity. From this point on, the histoiy of the earth is a matter 
of record and can be interpreted if only we have sufficient knowledge 
of the niincraJ relations through all the stages of their development. 

It must have been a very turbulent fica, the molten surface of 
our earth u]jon which the rocky emst liegan to form. The first 
patches of crust weru jjrobably shattered over and over again by 
escaping gases and violent explosions of which our wiinLug volcanic 
activity is but a feeble echo. If the earth was first gaseous, anc] the 
outer surface graduidly condensed to a liquid, its outer portions at 
least muBt have been wliirled and tumblei! about sufficiently, even 
in a few thousand years—wliich is a very aiuall interval in the forma¬ 
tion of an earth—to miJt its various ijigredients pretty thorouglily. 
It has acconlitigly been hard to see just how it camo to separate into 
individual rocks of such widely different appearance and clwraoter. 
Of course the number of its ingresdienta was large. We have already 
discovered SO or more differont elemenlaiy substances in the earth, 
and there is an iihuost endless number of more or less stable com¬ 
pounds of these. The frceEing of an earth ia thcrofore different from 
the freezing of pure water, but the freeing of suit water offers a clue 
to the explanation of the way in which the earth soliilified as we find 
it. Wlien salt W'ater freezes, the salt is practirally alii left behind. 
The ice contains much less suit and the remaining water relatively 
more suit than before freezing began. .Applying this familiar obaer- 
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Y&tion to the Biipjiosed nioltcTi surface of the eiirth ns it begins to 
Bolitlify, we have a suggestion of order and system in its sepiLration 
into so nianj kinds of rocks. h 

Now, it happens that in the recent dcYdopment of chemistry much 
Attention has been jpven to the study of Si>lutions of various kinds, 
And a great body of informntion ha^ been gathered anti elassifictl of 
which our oliservation ujwn the freezing of salt water is a sUtiplo 
tyiM\ Still more recenUy^ quite lately in fact, it has occurretl to 
many stuilents of the eartli that here Urn not only tlie clue but per¬ 
haps the key to their great problem. If the individual components 
wliicli are intimately mixed in solution separate wholly or paitially 
ill some regular way upon fTcozing—and nearly all the solutions 
which have been studied appear to show such segregation—we have 
a quantitative system which will probably prove adequate to solve 
the problem of rock foniiation^ jiixi^letl only that the experimental 
iliiDcuIties attendbig tbs study of molten Tt>ck and the complications 
impoEeil by tbc presence of so many com]>ouent mincrab, <lo not 
]>rove prolubitivc. This is a very simple statement of tbo jioint of 
view wdiich has letl to the expcriniental study of rock formation in 
the laboratoiy^ as a natural aequenco to stiitisticaJ study In the 6eLd« 

Goophsisics therefore dues not come as a new ac-ieuce, nor as a 
restricted eubdiviaion of geology, like pbTObgrAphy or stratigraphy, 
but rather to introduce into the study of tho earth an element of 
exactness, of quatititative relation. It may include phyoica or chem¬ 
istry, biology or crystallography, or physical chcmiBtrj", or all of thoso 
at need. The distinctive feature of geophysics is not its Bcoi^e, wddeh 
may well lie left to the future^ but its quantitative character. The 
Geopbyairal Laboratory of the Carnegie Institution of Washington has 
eutereil upon some of tlic investigations suggested by tlik long pre¬ 
liminary study of the eartli—the physical prujujilica and conditiomt 
of format ion of the rocks and minerals. The Department of Tcrrca- 
trial Magnetism of the same ins tit ut ion has undertaken another— 
the earth^s magnetism; the German geophysical laboratory at G5t- 
tingen a thini—^the earthquakes—and these w'Ul no doubt bo followed 
by others. 

Tbc first effeuL of ealling exact science into consultation upon 
geologic problems is to intiuduco a somewhat ditferent viewpoint. 
It has been our habit to study tho mineroia and tliu rocks os w'ts 
find them to-day, after many of the causes which have had a share 
in their evolution Itave ccaacd to he at live, after the fire has gone out, 
1/ we attempt to ruH^onsiruci in our mindB the operations wliich enter 
into the fonnallon of an igneous rwk or of a body of ore, wo must 
infer them from present appearances and environment, Tlio experi- 
luental gcophjrsicist^ on the other handp confronting the same problem, 
mys to himself: Can wo not consti"uct a mimature volcano in the 
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Iflboratory; can we not buUtl a furnace in which an igneous nxk can 
be formed tinJcr such cowlitions that wo can observe its minutest 
. change? He proposes to introduce temperature-measuring devices 
and apparatus for the determination of prci^ture, to investi^to the 
character of the surrounding atmosphere and the quantity of water 
vapor which may he present. Ho msists upon tho chemical punty of 
eveiy ingrediozit wliich goes into tho furnace and guaitls it carefully 
against contamination. In these various wajn ho will undertake to 
ascertain the exact magnitude of all the causes, both physical and 
chemical, which have been at work in bis mbiaturo rock producer, 
together with the jjUyaical characteristics of the product. 

A very practical question now arises. Can he do all this suc¬ 
cessfully at the temperatures where the minerals form? We must 
proiS tWs question and insist upon a eatisfactory answer, for it is 
by no means obvious that tlie relations which tlio physicist aud 
chemist have established at tho toniperatiiri‘s of everyday life- 
energy^ content, density, solubility, viacosity, dissociation—will 
continue to hold when aubslances are carried up to a white heat. 
Tlie substances, too, are different from those with which the chemist 
and pUyaicist have been generally familiar. Inst«ad of sLcapl© nietab, 
aqueous solutions, and readily soluble active salts, wc eneounler 
silicates and ref rot; to ly oxides, mert in beluavior and capable of 
existing together in mixtures of great complexity. Wo must tlierc-- 
fore extend the range of our phj'sics and our chemistry to a scope in 
some degree cenunensurato with tlie wide range of conditions which 
the earth in iU development hoa passed through. Let us follow hjr 
a little tho actual progress of such an attempt. 

The firel step is to provide tho necessary temperatures. Obvi¬ 
ously, the comnion fire-clay crucible oud the smeltar'a furnace with 
its brick lining will not servo us here, for all thi^c ore themselvtw 
mberal aggregaiea, Tho charge, furnace Iming, and eruciblo would 
go down togetlipr b a fall as disastrous as Humpty Dumpty^B, But 
experiment has taught us that plalmum crucibles, magnesia furnace 
tubes mclosing an electrically heated helix of platinum wire, and elec¬ 
tric temperature-measuring devices, provide a furnace b which nearly 
all of the important mberakcan bosucccssfully studied, which is hot 
enough to melt atbc, silver, gold, copper, nickel, or iron readily, and 
where any temperature up to 1,000^ C» can he maintained perfectly 
const ant,*if need be, for several weeks. All throe tempera lures can h« 
measured with no uncertabty greater than 5“. This equipment pro- 
sert'es the chemical purity of the mberal studied, and enables the 
temperature to bo controlled and measured at every step of the 
experimental work. Or an iridium fumaco tubo and an iridium 
crucible can be substituted for platmum, the magnesia supports cau 
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atill Wused, and wo have it in out pow(?r to go on to 3,000® C.* which 
is quite sufTifient for all the more important minerals which we know. 

Tito physicist has therefore found a suitable mdtlngpot and means ‘ 
of ascertaining what goes on within the pot; but he at once encounters 
another dilTieuUy. Nature has provided us with relatively few min- 
erak of high dieniical purity* If a nalural mineral is chosen for cx- 
perimewt^ how^ever typical it may be, several per cent of other min¬ 
erals may be exjiectod to bo present with it, the otfect of whidi is at 
present quite unknown* Now, tho first eixiom of the inv^tigator in 
a new field who de^ea to undert^e mea^^uremenis which shall have 
a real value is that the number of unknoivn quantities in his equa¬ 
tions must not be greater than lie can eliminate by his experimental 
processes^ in other words, he must begin with conditions so simple 
that the relation betiveen a particular effect and its cause can bo 
absolutely cstaljlishod without leaving undetermined factors* Hav¬ 
ing solved tho simple case^ it is a straight forward matter Ut utilii* 
thia information to help solve a raoro complicated one. There fore if 
wo would reduce tlio mineral relations to an exact science, w'hitJi ia 
our obvious puiposci it is necessary front the outset to prepare min¬ 
erals of the highest purity and to establish ilicir properties. Having 
obtained such a jiuro mmerul type, it may be, and often b, in tho 
power of the mineralogist and bk microscope to detetimne, by direct 
comparison with its natural protetyiic^ the kind and amount of effect 
actually produced in the natural miaeral by tho ono or mono otlier 
miuerak which it contains. We have therefore hardly started upon 
our investigation beforo the need of an organized st^tem b demon- 
stratetl: First comes the chembt, who prepares and analyzes the pure 
minend for investigation j then the phyaicisl, who provides and meas¬ 
ures the conditions to which it b subjected; then tho miiierologiat, 
who cstabBshas its optical properties in relation to the correiq^onding 
natural minemk* 

Having prepared such a mineral^ of high purity and of known 
crjstftHiiie character, W'e can ascertain its bohavior at tho tempera¬ 
tures w'hich must have obtoiued during tho various stages of earth 
formatioiL. We con study the various crystal forms through wliich 
it passes on heating and tho tomporatura rangCiJ within which these 
forms arc stable; we can also melt it and measuro the molting or 
sohdihiug temperature, jlnother mineral, prepared with the same 
care and studied in tlic aanio way, may afterward a ho added to tlio 
first, and Uio relation of thes^ two dctCTtnined. If they combinCp 
heat is absorbed or released; and tins quantity of heat con be meas¬ 
ured, together with die exact temperature at which tho absoiption 
or release takes place. If the mixture rc«ulta in tho formation of 
ono or more mineral compounds, w o shall lourn the conditions of for- 
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mntioiii tJiD Impcraturt^ region i^vithin whicli the forma are stable^ 
mul tlie changej^ whjdi each undergoes with rhangea of pressure and 
* temperature^ as before. If the new forma ahow aigna of matabilit>% 
we can drop them into cold water or mercury so quickly that there 
wiU be no opportunity to return to iiiitial stable forms^ and thus 
obtaiiij for study with the nnerost^ope at our leisure, every individual 
phase of ilio process through which the group of minenils has passed. 

"Without complicating the illustration further, it is obvious that 
wo ha\*o it in our power to reproduce in dciai] tho actual process of 
rock formation within the earth;, and to substitute measurement 
whore tins gpcilogist has been t>bbged to use infcreuce; to tabulate 
the whole history of the formation of a mitierul or group of miuerab 
under every variety of condition wdiich wo may suppose it to Imvo 
passed through in the earthy provided only we can reproduce that 
condition in ilia laboratory. 

During tho past quarter of a century there has arisen in the middle 
ground , botwoen phjTiics anfl choTnistry a new science of physical 
chemistry, in the development <rf which generalizations of great 
value in the study of minerak have been established. As long ago 
as IS61 the distinguished German chemist^ BunseUp pointed out that 
the rocks must be considered to be ^oluticus and must be studied -as 
such; butp inasmuch as eomparatively little was known about solu¬ 
tions in those duySp and the rocks at best appeared to ho very com- 
])lii:alcd onest no active steps in that direction were taken during 
Bunsen"^ life. But in recent years solutions have been mdely studieci , 
under rather Uniitccl conditions of temperature and pressure, to be 
surcj but it has resulted in establishing relations—like the phase ruJf— 
of such elfeciivo and far-reaching character that now, just half a 
century afterwards, we arc entering \Jidth great vigor upon tho prose¬ 
cution of Biinsen^g suggestion. It is now pc^Hsible to establish definite 
limits of solubility of one mineral iu another, and definite condilioits 
of equilibrium, even in rather compficated groups of minerak, which 
enables us not only to interpret the relations developed by such a 
tbennal study as that outlined above, but ako to assure ourselves 
that only a riefinitely limited number of comi>ounds of two minerak 
can exist, that they must bear a constant and characteristic relation 
to each other under given conditions of tomperaturo and pressure, 
and that changes of tempera turn and pr^ure wfil affect this relation 
in a definite and determinable way. Physical ehomktry not only 
takes into account tho ehemk^l comjMsition of mineral cutnpounck^ 
but their physical proper ties as well, throughout the entiro tempera¬ 
ture region in which they have a stable e^stoncOj, and iherefore fur¬ 
nishes us at once with the possibility of a new and adequately com- 
prehonsive clasaification of all the minerals and rocks in tho eartln 
Tho valuo of an adoqaata eymtem of dasaification appeals chielly to 
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diosti whoao duties bring them into intmioio relations tiiili the subject 
matter of a scionco, but dO mueli may appropriateh' bo aaid that a 
doosietont application of physical chemistry to the imiienUa may ^ 
opemto In the not far dktanb future to develop an entirely new ooii- 
ception of tlui sdonce of mineralogy"* 
j\s the number and soopw of such evaet moasuroments increa^, 
^vo gradually^' build up what may be called a geologic l.herDiomotor. 
Just H3 the lociitioii of fossils offers a biisis for estimating geologic 
time^ it often happens that a mineral trikes on u variety of dilterent 
crystal habits, accordiiig ms it happouod to form at one teraporaturu 
or anotliur. Quom* for e?;ampje^ wlijch is one of tlie commonest of 
naturaJ mhieraLs and one of tha most familiar, undergoes two cbaogea 
in its crystal form which leave an inelfnueabb record. One oooum 
at 575® and tlie other at 800®. An optical examination of even n 
minute quartz fragatont from the mountainaide mil reveal to the 
skiUful pctt\>logbt wheiheT the crystaJ formed at a temperature 
below 575®, between 575® and 600“^ or above 800®. And if yre could 
have at our disposal a groat body of such exact measurements of the 
temperutnro region witltin which particular crysteis originate and 
remain stable, we could apply that directly to Lerroslrial formations 
in which this miueral occurs^ and read therein tho tompuroturo which 
must have obtained during their forma lion. All this will nut be 
dune in the £iet yoar, and perhaps not in the first decade; but the 
ultimate elfocLiveness of this method of procedure in cetablishmg 
the relationii bctweiui the mmurab end the valuable ores is now as 
certain of success os ifte operations of any of the sciences which have 
now- come to be cliarogtemed as oxiict, ag opposed to descriptive* 
There is one impoTtant dillerence between <*he great iaboratory of 
nature imd its foobb human counterpart- Nature operated with 
large masses, mixed with a generous Inmdj and there was always 
plenty of time for tho growth of great iadisidual oryatuk, at which 
we marv'ol wdienover wo encounter them^ and which we have somu- 
timea como to regard highly us precious atones. To carry tticao 
proces&ea into the taboratury b neoist$arily fmuglit with certain limi- 
tikljuna. The <|uantitles miist renmin amoll and tho time and avail- 
able financial resouFcea will always be limited* So long os we are 
able to ascertain tho optical character of u ciy&ttd with equal exacts 
ness whether the rr^'Htal b of tho size of tho proverbial m\istard seed 
or ft wabiut, the scientific laboratory can not properly alTowl t!ie time 
necessary" to produce the large crystals wldch nature olfera ao abun¬ 
dantly. Furthermore, the crystals of nature often owe theh: brilliant 
coloring to alight admbctiires of iinpuritjj wliich, to the scientifio 
laboratory* epell failure and ore avoided with the utmost care. Most 
<}{ tho mmarfll crystals* when repruducotl in the laboratory* ore quite 
colorlissa. AmJ ao, although tho question b often raised whether we 



OEf^PilVSliJAL HE&iURClI'—r>AV* 


367 

tLTo not ronUy engag^^ m the artifici^ production of geim, and 
although the Geductivo character of such an investigattoi^i would no 
doubt appeal to manji it muat bo admitted that tlia geological 
laboratory ia not and probably will never become tbo serious com- 
|>ctitor of nature in those directions in which nature has produced 
her mmt brUliant cttecta. 

Ill what preceded I have laid emphasis upon the value of 
experimental measurements in tlie systematie developmcut of a more 
oxact science of the earth. It is a fair question^ and one wdiich is 
very often raised, whether all this investigation haa a utditai-ianside* 
whether the knowledge obtamed in this w ay end w ith such difficulty, 
will help to solves any of the problems aming in the exploitation of 
our mmeral resources or assist in our industrial devclopmont. It is 
neither wise nor expedient, in entering upon a naw field of rescarchj 
to expatiate long upon its practical utility, lls principles must first 
be established, after which there b no lack of mgenuity in finding 
profitabjie applkation of them:- 

Tfio dovelopment of thermoelectric apparatus for tlie accurate 
measurement of high temperatures was begun and hm been per- 
fecte<l hi the interest of geophysical researchp and it haa already found 
such extendeil application among tlio technical industries as to 
demand the manufacture anil calihration of thoiisamis of suchhigk- 
temperuture thermomoteps every year. The tem]sering and im¬ 
pregnation of etcel are no longer dependent upon tho more or less 
trained eye of the workman,, but are done at measured temperatures 
and under fcnow'n conditions w^hich guarantee tho uniformity of tho 
product and admit of adaptation to particular purjiuses, like higlt- 
spectl tools or armor plate. This has the incidental but far-reaching 
industrial consequence that workmen of great individual skill in these 
inil us tries are much li?ss necessary now" than forinerly* Everything 
h accomplished by bringing temporaturo conditions under mechanical 
control and making them absolutely roproducihk without the exercise 
of critical judgment on the part of anyone. 

A more intimate knowledgo of the behavior of tlie ndufirals them- 
flidvcij finds tdinost immediate industrial application. An industry 
which has grown to enormous proportions in recent years ia the 
manufacture of Portiand cement, about winch little more hae been 
known than that if certain naturd minerals were taken in the proper 
proportions and heated in a peculiar furnace developed by experienoe, 
the resulting product could be mixed with water to form on artificial 
atone which has found extensive application in the building tradesi. 
Chemical analysis readily establkhed the fact that the chief ingre- 
dientij in a ^uecetaful Portland cement were lime, alumina, and aiMca, 
with a small admixture, perhapsi of iron and magnesia: but tho 
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r^ktioii in which theBe ingredi^tB stood one to ftiiothor—that is, 
Trhich of them were nocrasar^^ imd which merely incidental—in 
what oompoynda and what proportions the necessary ingredients' 
required to bo present, has never been satisfactorily established. 
^Vhen we know the fitable compounds which lime, aluminap and 
silica can combine to form, together with the conditions of equi¬ 
librium between these for different temperatures and percentages 
of each component, a formwla can be written offhand for a success- 
ful Portland cement from given ingretUents soniewhat as an experi- 
mced cook might write out the recipe for a successful <ysh. Such 
definite and valuable knowledge ia not beyond our reach. To 
obtain it requires in fact precisely the same system of ]irocedure 
which has been described above and w^hich has already been suc¬ 
cessfully applied to many of the natural mineraLj which have been 
reproduced and studied in the Geophyaioal Tjaboratory during the 
past five years. It happens that we have eNanuned a considerable 
number of theae very mixtures in our recent work upon the rocks. 
All the compciunds of limCp silica, and alumina have been establis^hed, 
and a portion of the silica-magnesia series and their relations have 
been definitely dctommicd throughout the entire range of accessible 
temperatures. There b no reason to apprehend aedoua difficulty 
in applying the same procedure to the comniereial ingredients of 
Portland cement and re]dmdng the present nile-of-thumb methods 
and uncertain products with dependable ceinents. The problem 
of determining the relation of the ingredients in commercial cement 
and the conditions necefisary for its successful formation b exactly 
tbe same in character os that of determiiimg the conditions of for¬ 
mation of tho mcks of the earth. 

" A physico-chemiciiJ investigation of the sulphide ores over a wide 
range of temperatures and pressure has also been undertakoti, 
’which has developed a large body of exact information of value in 
mining industry. And ouch illustrations could be continued almost 
imlefmitely if it ’would sm'c any useful purpose to do so^ 

Tlie industrial world b not, as a rule, interested in scientific prin^ 
ciples; the principle must first be namnved down to the scope of 
the industrial requirement before its usefulness b appfircnt, 'Phe 
immediate effect of an industrial standpoint b therefore to restrict 
investigation at the risk of losing sight of utidorlying piinciples 
entirely. An illustration of thb has como down to us through the 
pages of hbtory, of a.character to command and receive the utmost 
rcsfiect, for auch tuuither can hardly be expecned to occur. We have 
bouDrixl the early philowphcrs for their splendid search after broad 
knowledgCt but in what b now the field of clicmbtry they allowed 
themselves to be turned aside to the pursuit of a single 
strictly utUitanaii problem—the irunsmutatioii of bEtsc metab into 
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^;c»U. Th« history of chemitstry is » h^tory of this on© problem 
from th© fourth to tho sixtoenth century— 12 ceuturi^ before a 
men ©rose whose hrosdcr steudpoint enftbled him to divert tho 
* fruitless search into other channels from which a science hiks slowly 
arisen which U now so broad as to overlap nK«t of tho other sciences 
and wilhtil so practical that hardly an industry is entirely independent 
of it. 

The so-called practical questions may therefore as wdl bs left 
to take oaro of themselves. There has been no lack of ingenuity 
in making profitable application of systematic knowledge whenever 
tho need for it became insistent, for the rewards of such effort are 
considerable. And it is no longer an argument against proceeding 
to establish relationships in a new field, that the scope of their appli¬ 
cation can not be completely foreseen. 

Now, what more promising questions occur to ono than these: 
If the earth W’as originally fluid, as it appears to have be€ai, and 
has gradually coeded down to its present state, its component minerals 
miist at some timo have been much more thoroughly mixed than 
now; how did they come to separate in the (trocess of cooling into 
highly individualised masses and groups as w*o now find them, and 
what were the steps in their deposition 1 If the whole earth was 
hot, whence came the marble of which we have so much and which 
can withstand no heatl 'What has given ns tho valuable deposits 
of iron, of gold, of precious stonesl What doierminea the various 
crystal forms found in the different minerala, and what is their 
relationt Some must have formed under pr«sure, some without 
pcessiiro, acme with the help of w'ater, and some without. 'Where 
is the center, and what the source of energy in our volcanoes! All 
these questions and many more the geophysicist may attempt to 
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A TlilP TO MADAGASt-AK, THE (T)l'?fTKY OF BERYI^/ 


By A. LacsoiXi 
Mi^hrr ^ rfd Fffinrf. 


^Ifulogascnr, thft land long full of mysten^ and (jf fabulous logsncis# 
has ever since it was opened up to the world been rioted for its mineral 
riches. 

The second Frcnchinan who landed on the island^ Capt» Jean 
Fontcncau^ caUed Alphonse Ic Sainiongtiobt deelareil that he found 
precious stones there in 1547? One hundred years later, in 1658, 
Flacourt* * speaka of topazes, aquaunuines^ emeralds, rubies, and 
sappliires, and shows on Ids map the places where one could find 
those marvelous masses of rock ciysts], limpid aa the purest water, 
which have ever sinoe been sought after for ornamentation and for 
optical use? Up to the middle of the last century every traveler 
who wrote about the Grand Ue*^ did not fail to note the great 
abtxndance of gems there,* although many attempts at their pracUrd 
utilization^ made in the seventeenth and eighteentih centuries by 
the French East India Oo*^ had lamentably failed. 

Wlien the period of scientific exploration commenced;^ some fear¬ 
less pioneers, in the front rank of whom! would pWe our colleague, 
^I. Alfred Grandxdier, quickly made known the principal feattirss, 
BO peculiar, of its flora and faunae but all that concerned its miner- 
hlogy was hardly glanced at, for a reason that I will explain^ In 
order to protect its mineral resouiTOS the Government of Madagascar 
had inBtitute^l a system as ingenious as it ivas eOicient^ One penalty 
only—and that was death — stopped all mineral research by for- 

TmraUlAdl 

tky permMoa BnEatln oE thu OB0f;np1iJiniJ of PVTir, lA,. JI^Z 

i iwlTBntiiFttii du ^JtplLiMaH IniwA|pLhoiiw-^9^toa£Ha^ Piaffcj {nrpdiilHi in CoilJ. mrr* 

tjic.lIiMlBiE. by A.jutd 0+ OrMiulHISf, vijiL Upp. BMiJ. 

I Hatoln d# In Onmil^ Ule de Ifodi^iScarp Puif, lEfiA. 

i- raiitenl la Om rhvn of tb# AsatxmHiuE, IhazKctli of tl^ Bjbj iOir AirtodiEll snd BDbJb^ 

ValHSinnr. I lifita sv^Ulid (CcmiptM Uemfoi Sff I*A«iKl 4* Sdii™^ TiqL 156^ Mli, 

p.i»t>tbB«l]>4Jt|4fniua[l4ir wh^ch tfab ibtrwfAE ftbgUuda ab Lbtlilcb pUtCobS. Tb« bedi SCLtliUj wioOtwi 
|n]4u ^ podtfti of |d IbD fiHtudaqihoMd qELflitUlA 

* MoUbly: tUa BbM!l Lii toriffli fWla par liilnr EUSX Hv nsJupblM W IfmdMpMr« Bourbon 

va lli»nrrniri«pS»pmi]«iW-70^T1 «t TK rAri9i 163. Swbil Cft Hiihilndii lodiAoilEiK 

tid4iv Laiil«^ 173. &Q U JoUflHl 4a Toytctdtf GisOdS Id^ Fuis^ 
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eignprs. Since the French occupation of the island, the prospectors 
have taken their rewtigc* * The map of the "Service des Mines,” 
on which is recorded the sites for permits for research, resembles a 
swarm of anta. 

Among the treasures that this remarkable activity ha? Hrawnfrom 
the earth, precious atones, along with gold, must he placed as the 
principal object of exploitation. The conjectures of ancient voy- 
agars have bwn realk^, but I should say that the mineral deposits 
now worked sro not at all those which they belie veil they bad dis^ 
covered. They knew only of those near the mouths of the rivers of 
the eastern coast and in the neighborhood of Fort Dauphin, theto 
where modem research has so far brought to light only some quartz 
and poor garnets, unlit for any cconomio use.' The real deposits are 
found elsewhere. 

OfFicial statistics show that in 1011 there were exported from Mada¬ 
gascar 470 kilograms of stones ready to be cutj it is a good omen for 
thofutureofsonewaninidiiBtry, Iwesntits birth-* lhavo followed 
its rapid strides while there has been unearthed material of a scien¬ 
tific interest of tho fiiat order.* Thus in the courge of a recent mis- 
flion, to which I was attached, I undertook, among other subjocta, to 
study on Iha spot all the mineniLl ocenmencos that might yield the 
least gam. 1 now propose to outline what I saw. 


■ It liif rvf^rvoHS tb«iL U vid thnt mhufiih tMt tlHH fUdij crploffin hod jmei; 

Id I0« Ttmmsoh Mkrtin tlh» foiindiyr of ttE T3i4 Jioik 

Imiifliltt qumtllj Of lDpfii»,*JisrttifibKiiid4Uk*!roobMd itmoi that %hrj hud fonnd ■( Ffift DanrUttk 
-ITwl hubtm A teDOr ot Uu Vw wneh vtw WETO in Uua but Iher hAir doI bm in Fmm 

htSirmatM Uwy w«f» fOstftd too ( Arrhlvi* M£.} 

in IB®, Du Fmrt, tlUw:ljOf DfffliiiEEnnw af Ihv F*il tUidloCHj,, wwEii UmnDipfiDj hME been Tirj 
much pfidjUfliTwl«i liaOiqlbjoqtotf iffmn prslmi vtniAiDfThleb •o'ObdJiffnt him 

fend \n Ind Ife 1^0^ Iwt laot ELveD per tbouanfid |wtiu tapuiesfend EDml ibe I [apert 

HXyri Crort i^pt]iQ>V fARb, ifJtn, Coknto, UAouieHpEjL) 

Thhiflot ^tory la eneaftrmed by De Lfe EUyif (op. oltp ^1). Director riRinp utfriii^ at Brnnln,, offnl 
MHDfl lo tbe (g'rtniar t4 tbocLty, wbn ceEuiwd them, jmSloE fet whkh, hoireira',^ manlDe ai iht moit 

befeutlfol etodsm tbutbfed yol tim mta mA ih* B-muttiHt ha l«rtt m n ond nil cijL in 

ihnpu. T^j were febivwn to ieTvnl JewelEti« wbOwixe (iTetHd to il«A« Ibdtf ^uv, and boa* ea^EcOfeiod 
bicipor tloa S irqnH ^ar IbA iiKst beutEJbl ind ZT lor eU Uia otbKx/' 

* TbB dfOt aponlfiwFH recdml mt the miuRmi were n EnutUul^jitAJ oE rubdllte, KHne snu]! ^apjAilrH 
ud EkmnlrEiwi In 1991. by A^ CirthdlfUef^ Dull. Soc. friD^. mb#., voL 14,19114 

^ fkntipeolMfma reports FniKwwilb Ihfe preeJae IndlrfeT l wH of their l«l|lb« w«n niton to nio by 
K.OlfltlBr^ 1 deiiTlbed ttiAia In IM (Bnll. MiulBCfnrPrlltS^: ftUttii Inter Ur^ ViiluuiQjgi«Dt me some toorni 
tiulinn leimd by hlra tn Ihe irmt af Mount Blty. 

I helECVt (IulLT the flMt to theH pcwlfraa atoaoiolMBdnf;:AnciLrout iD fesyfetefnnt^ iiuibienjc^ 

lewiiEi the tirpoiltlolL UbAv iLlb* md^euia fet tire time el the expedition; that tome cbrye^berjlfe^ 
BOme (wfundDtnj, end laJVM, vtCi, fiwm tbe otEarlK qF petam-ba ti.«ar Me^^tfennnn uid 

btxmElLt back bjK. Baberblr. I nflirwvdi OxtalbEted bi the Ottllnyur Mbdofmlofy n ftoo wrld Of yeUoW 
and twOWD iMinDfeUtLea that I had had euL widi the nM af pfellerna £nnn the tcibin of T bJ ife fcrtca p thit 
Mr. GnIltieT-MfJUtM bad Mn.t pre, wb* wk then chief of U» Frottboa of BeiATo. 

a I have donfbad the® tnaUe^i^ bl puperouf notoo fend memnb^ ^ Mln^rildfie do 

rnnireet da iB Codemiai, Toll. INZ^irnOp la the mfde m MndojEascfeTHi XX xk^to, iPCtf, 

pp. 5&-1iy7p then In tlreCamptoi Bendiu da VAs. dee figiffiocs giid hi tbe Duitetiu de In BocKc4 Iren^felH de 
Htpfrtdcfle bmit im to vm* Seo aI® tire aiyua of M. ^ouDeyriB fend of M. t>febfwa CAbovJns Mine Editdtj 
of lb« ntblikin VDUame) th IbO ButleLftI dt V .Uadfinlife mBJfftf'be, toL 4, lOOdp ndd In Iho fSdiUoEiD ioaao^ 
cnhiutda IffedAft^oj, IM,bMlds thow DfMU.Btip^re, Wnndft iDd Sohnt bi tire BoUettn delnSoeiM 
IfKEii^iiM de IClDi^Ui^io, ]9]h-ypil, Id tb« Archived U4 Uie Memvlr^i dt Ife 4® Selatoen pi)]rtl^Lua 

vi B^tdTrilr^ lie Qe&ln-, ISUL 
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It fa jicccfiSAiy fii^t of all to uiideistand what by a prf^cious 

stono- ilineraiogista classify minerals in tiio itrst place according to 
their chemical cotdpositioiij then they determine from tha form of the 
crystals how to estjihlfah subdnTsions of a aecond ordorj thcrefom 
precious stones iirCi from every point of vioWj cherujcal; a simple 
element, oxidee^ aluminateSj silicates^ and many other combinations. 
-Vli the modBlilifB that can form crjistalline symmetry are found 
ropresBOtod there. It is not then the question of a natural familj^ 
but of an artiheial grouping. 

To he a precious atone a mineral must unito a number of qualiftca- 
tioua* It must be transparent^ of a fino water; that hj very limpid. 
IL should have a atroug^ clear color; he^cOj the doubtful tints^ tho 
halftones dear to painters^ lliose which form the charm of certain 
flowers and tho adommant of mmiy aiiimafap are not in favor. The 
miDeral should bo vciy bnllianti winch depends upon two optical 
projierties^ dispersion and refraction; thfa last fa dependant on den- 
ally; therefore precious stonee are more or less heavy. FioflUyj it 
must be'hardj so as to take and hold a fine pohsh- The more a stone 
unites thrao qualities in a htgh degree^ the more readily docs it hold a 
high place in the realm of gems, a place which in addition to thfa fa h>- 
flucnced hy its comparatively great rarity* 

To these intrinsic properties of (he stonCj we ahouldf howeverp 
add Homothing exterior to it that escapes tho analysis of a min- 
oralogist, for it fa nothing less than feminine fancy, changing with 
the fashion. Thus, thanks to the favor ivliich artistic jewels now 
enjoj^ these stones^ so correctly called “fancy,’* until lately so 
ucglcoted^ arc each day more and more sought after, iladiitgaacnr 
should not complam^ for these are the stones that most of aU adorn 
her jewel case. 

The definition which I am going to give may be exact; St fa not^ 
however^ a general one* There arCj in fact^ some minerals which are 
neither limpid, nor clear, nor densCt nor hard, and jet are con¬ 
sidered aa precious stones* Such is the opaque turquoise, which 
owes its popularity to its beautiful delicate blue color; such is the 
apal,^ which takes the charm of its beauty from the w arm refi eel ions 
that play about in its semitransparency. 

A mineral which may constitute a gem, and sometimes of the 
highest value, fa found not alone in its precious form. At Madagascar 
even cortmtlum forms transparent sapphires, the value of which fa 
estinmied hv tfie carat of 200 milligramH, and besides some enormous 

1 Hi# opal is nljtQ ftICfld In 1 £a41a|ucit, buE it If ml qouiled; Ed IIh tucfijle, ftvU 

U» HNili at FmtdlUp It ffiaAtiniai *WtT wnJl Vwha, whkfa rtilficttdlll equal t4 tbg*# Ua# opM^ 

«t MD^ flio HUH nrall vflu wllitib ewnJl liw ft» bot VlUi n tlni Dgn EUftn 

I miM tab aeptJilt hut eoaxtAl flHijr snuU frapMsU^ 

9^ ltll£-^25 
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tipaquo crpilalB whicli ttr^ expprt^jil W the ton and utilised only in 
the iibrui^ivo industry.^ 

On the other hundj the Ibt of gems is not clefiniteTiY do^d* * for^ 
from time to time* foUotfing the discovery of Ji new depo^dt^ the 
Ikt h increased by the name of n mineral until then i^onsidered a 
mere ])ebble, beeattse though possessing somo of the qualities enumer¬ 
ated above, it has been locking in transparency or in a jdeosing 
color. JlaiJagiiBcar fiu'nishea some examples of this. One of the 
most common eonstiiiiouls of the rocks which form the griuiite 
mountains of all countries—poiash feldspar—^has been found in a 
lociility lost in the aouih (Itroiigahj j about midway between Betroka 
and Bcnenitra) in crystals of an admirable UmpidilVt &et off by a 
yellow color as warm aa it was unusual and ivhich gave it the appear¬ 
ance of golden beryl.* A''ery near there;, ecatierod through the soil, 
were found some fragments of a species of minoralj tho name of wliich 
hm never been heard by any of you^ the ^^kornerupme/' * 

Instoad of forming grayiah and opaque rodSj na in the oinglo depotul 
in Green!andj where until recent!}' it had only been founds it consti¬ 
tutes a iransparont^ sea-green slono ^Ughtly recalling certain aqua¬ 
marines but with an incomparably t^uperior brilliancy. 

Up Ut the present iimo no diamonds have been found in Madogos- 
coTi but nearly all the other gems occur there in great abundance. 

Many of the minerals are seen in their original matrix^ oLhera are 
gathered in the alluvium resulting from tho brouMng up of their vein- 
atono in place, while, still othera are a port of the alluvium accumulated 
by the work of streams. 

The Grami lie is made up principally of a bssement of ancient 
rocks^ oniptive and mctamorphic^ ending abruptly on the eastern 
s^do in high Clio's which are separated from the Indian Ocean by a 
narrow plohip low and sandyj w'hiJe toward the west the island ter¬ 
minates in a way no less abrupt^ ser^ring as a buttress for some sedi¬ 
mentary formations which come to an end in tho Mozambique Cban- 
nel. j\Jl the deposits of precious stones are located in the central 
ridge and pari icularly on the high plateaus that crowm the islands 

One of tho principal attxacdoTia of a trip to Mmlagoacar b tho con- 
timta encountered at evety step^ contrasts due to nature, contrasts 

* T tATv fluwn thMt this camndUm vlUrh froTa tba ttur44Uii 'CuMiwtn h bmKd 

in to lea jcl!iii& In eooaiiHEioB ^Ua KruJtf. (CuajibaB UfodiB dv I’Acad, da SdiitKVi wL IHj IBU, 
p. Ham wm expotod In mil, IfiO Uoif uul this qcBuitJI]: wjH iritliiOUt OfUlVt tv i:lput4«ii la 1911. 

ilCi Imrdun {A) ii 1« than ilut al iba btryl, Out dimiiEr O* lOi arOiHtkH) 

* Kunmujuiiw lx 4 mflfT^Tim Ktumiialam Ooca cul» IL is dOtlOiQMii^ lbs tq^voMiim 

Ai wiu »ftvm uiiUiii 34!4 itf by lu rvj pHt dwOr US op^ctaiLr tr lu intfvetfaki 

{A. LamiXf CeuiLBiiH tkOldtV, votll^ p- A wkdy 

*i*^w*«> |:3f ^uTutl B n tku b«a fmod ill tbi' |ruii4Jliii of 34^4, but it Ji fbiwd AfiJr ^ lutki^ ^jlah lodi tuji 
trujpUoQt. 

Hm £ddi|ixr ol lx XAtomEiiUiQd hf CTTFtalf ot limpid iiiepil44t*P*'<^aiHiD of irhkb of m botUfr 

vw7*ITralt3r|vm- SoOi tjcdil dzipoiii imi 4 ETM micHt il» 
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due to mm nnd to their industry. The ascent from the eiisbern side 
to Tanartiirive is startling from this f>omt of inovfu The canal from 
^Pangalancfl permits crossing the coastal zonej marshy and warm. 
Vhe artluous ascent of more than 1,500 meters' of ]aggixi rocks, ifl^licnce 
fail raging cascade hi the mid^t of the humid luxuriance of a tropical 
forest, leads to vast plateaus covered by the grassy steppe wluch is 
prolonged], barrenj and dry until the moment when the txigh hills of 
Tananarive commence to carve themselves against the sky, coming 
nearer little by littlop then appearing in the miflst of verdant rice 
plantations ^dth all the detaiis of their rod beauty. 

The means of (ranaport^ktion which permitted me to roach my 
destination were not less varied. The alowiiess and the lack of 
comfortoble navigation through the canal on the plain made us bettor 
appreciate Uic speed and elegance of the railroad—a bold undertakmg, 
wldcb in less than 13 hours climbed over the high rounds of the titanic 
trestle, leading to the neighborhood of Ocean by the aide of the bat^ 
tcrcd plateau on whicii.miir.h farther still, the Malagasy capital stands. 
It was by flutoraobik tluit the 172 kilometers which separate Tanana- 
rive from Anlsirabe, my first ce3Tt4.i[' of exploration, were traYorsed 
and I descended from a vehicle of the latest model only to mount a 
^^filanzano^' (seat suspended between longpolca)* 

At the risk of being called an ohi retrograde academician, I dis¬ 
tinctly state that between the automobile and Lho Jllan^anc my 
sympathy for the geologist goes straight to Uie latter. 

The journey from the capital to ^Vntairabo was like the cup of 
TanUluu for me. Ch'er this road, still nm% we rolled along with dizzy 
apeed ; before my eyes, sccuatomed by a month of the bush to the 
monotom^ of the red earth which covers the greatest part of the 
island, the rocky walla recently tom up by dyruLinite appeared like 
hashes of lightning exposing to the sun their marveloua freshness. 
L^pon the slope some broad surfaces of granite, reflecting white or rose, 
were loosened, magnificent,’^vith mnumcrabk dark spota* basic inclu- 
siotrs, which I seek throughout tile world that I may karn from them 
the secret of the gene?is of the rocks which inclose them; then, as m 
a giant kakidoscopCj there succeeded some gneiss in many colored 
strata, rcn.^calmg the complexity of their nature, some veins of every 
variety. Wliat more do T know 1 

Each turn of the wheel brings a new temptation. My hammer 
bums my hands. But alas! deaf to my prayers^ the conductor of the 
infernal machine^ bending over riie steering wheel, slave to the bourj 
refuses the slightest stop and we keep rolling on. 

With the filanzano these distractions are u nkn own. Nicely 
perched on a little seat of cloth between, two long bars resting on the 

< Tbs nOniul ALtaliu tbd tNdgbt pI ifiHa Wim betwem Uu UiUHU vf AjnbateiEijcniA AJ3d 
djianiA. 
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ghoulilcTs of four strong follows, the travelar is master of hia deatmy, 
Tbe me&surcil step of the portera, th-o raaulting rhythmic movemont, 
hardly disturbed each minute by the interchange of the bushmcn, are, 
not without charm and induce revcry. 

In the plain, on a track well markeiJ, the MaJagasy lovea to take a 
sinttotts course, but just as soon as the land changes, ho uses nothing 
but the straight path. It happem sametimea that ono b almost erect 
in the stirrupsi during steep descents, or the head b lower than the 
feet on steep ascents. The inex|)ericinccd su ffer er makes sad reflections 
on certain proprieties, new to him, of the siiortest way from one 
point to another, but he soon reassures himself as ho learns the skill, 
the wondorlul steadiness of lib servants, and without fenr trusts to 
them, and feels himself carried at a bound over all obstaclca. 

This mode of transportation b not slow, for it is possible to make 
70 kilometers in a day, though about SO kilomoters b a good average, 
and can be maintained for several weeks with the same men on con¬ 
dition that some village be reachetl from time to time, when the 
bushmaii may find fresh meat, a good nightb lodging, am I rest. 

The Malagasy porter b a big child, laughing, talkative, obliging, 
temperate, easily contented, and from whom one con gain a great deal, 
when he b treated in an equitable, kindly way, but with fimmess. 

At the end of my four months of uninterrupted round in the bush, 
I was alarmeii about them only once. One morning, their humorous 
stories, related os usual at llie time of departure, wore longer than 
was customary. The stories wewi told in an animated dialogue 
botw^orn two of the band, who replied to each other in a tone growing 
sharper and sharper, and tliey became more and more excited by 
the applause for some story well told, until the two chief actora 
caught each other by the hair on some trifling pretext. I had to 
intervene to prevent a general fight. My cook, who waa interpreter, 
having stayed behind, forced me to await hb arrival to learn the real 
cause of the conUtct. The debate was in a way philosophical. The 
question was whether it b best to be economical each evening with 
one's wages or if it be not better to spend them as most of these 
talkers had very certainly done the night before. 

It wan in that equipage that I thoroughly explored the region of 
precious stones, which forms a great rectangle about 200 kitometem 
long from north to south and SO nr more wide from cost to west.‘ 

I Tlw centin mrm ts l!» oortbnt tlie ot UluHinrl-ni (Ampmfnb^ tn 

tlid vHt Erf AsliJnMi thm mgloi to itw (M^jAJubauo) usd to liw KHiih 

3HMSa CTciK&llHOr MitJKipHiihatfl, g^amn jo ni , eto,); to m&lh of Usa ttUffy Of th» iSaliUnty 

ud In TfeEoltj: lo tbt Ol ModHt Bltj, Hum irum to UusHratli ofi lh£ of Has 

UflguaidciEt:!, A loiBiAl bodi iltet4d to Cho nortliwist sad to iho vrwt of Ambacitrm uid thm ilfH CiixtbB 
fog.ti4 tlH of IkilHu^j nL 40if tbt ^lytlofnlofifi 4frli fti&tt Ot ■« OOto&lM"}. 
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Th» valley of flu? Sali&tany River aoutlnsest of Ant8irab6, may b© 
taken a$ an example^ I eame upon it in goii^ over Mount Bityj & 
•tong jagged ridge more than 3,000 metew high, formed chiefly of 
white quartzites, aometinica rising vertically, somelimes bedded in 
great slalis which are crumbled into very fine sand or into large 
grains of (juartz, traiialucid and sharp. 

The Snhiitany is only o small tranquil river, Hosing into the tumtil- 
tuMvta Muiiandoua with many crocodiles, the only harmful animals 
of Madagascar. It irrigates a largo valley in which there is a remark¬ 
able it^lation !«tween the vegetation and the mineralogical nature 
of Uie soil. This is essentially formed by parallel bands of qiiariziu», 
mica-schiaiM and marbles. A monotonous mande of high gmsss's 
conceals the first two nK;ks, while tlu» limestones, bright iu iheir 
white nakedness, sup]K*rt numerous aloes (.iZor macroelttda Baker) 
whose trunks, more than a yard in height, arc surmounted by laige 
bouquets of green leaves. 'lliESse aloes wilh their queer sliaties, sole 
arborescent vegetable of the valley, reveal at a distance the conijMiai- 
tiou of its soil as easily as on a geological map. 

The precious stones aro all found in the pegmatite veins, inters 
i'slated between strata of metamor(>hosGd sediments or traversing 
intrusions of granite. Theso pegniatiteK am very lieterogeneous; their 
two «isentlal elenieuts, quartz and mierocline feldspar, at times of 
a vivdd green tint, and eonsUtilting tlu* “stone of tlie ainozone,'' are 
of great size. Among them' rooks, it is interesting to dLstinguiah 
two as well from the scientiflr jaiiiit of view as because of tlieir 

practical use. In one, the quartz often has the beautiful rose color 
that is sought after for making smalt ornaments. Tile mica, when 
it Appeals,' is that potash-mica, in great colorless shceta, the use of 
tvhich for portable stoves has made the mineral {lopular. 

Only one gem mcists by itself, the bei^'l,’ but its cryatnb are at 
times enomioua;* I brought back one which measures nearly a meter. 
You should not Imlieve, however, that these coloss&l-like ct^’stala are 
entirely transparent; the limpid purliO'ns aro seen onij' hero and I here, 
in the midst of a fissured mass, elouily or opaque. The colors that 
are moat sou^t after, thosi' of the aquamDrinc, aro the various 
shades * of blue and tho oca green, but ono sees also some colorless 
varieties and yellow or rose colors; the beautiful striking green color 
w’hich characterizes tho emerald is unfortunatoly not found there. 

^ l£k4 i* oFEtti Wkipf IcL ibe jHipEullta, Tb« niEVNTilv bi out- vw-lcotl Ehm,. ihwtifli» 

Tmj KDod quAllir of It U bi MU ipeddl irtpiutHap RoLiliiy la 13» raanlf oE Olobdai^, ta cM 

■pul^ ]3«tAbl. 

tuTD raemOj' a nutablljr cH imKiloix^ al Ampuifiibli^ 191:3. 
iTfinwt eryitj!hl5 of THqyi ttrt pfiua*, wry luiv AH Ih* Ytrilail msiici they m Tftf flFlea typ*i 

wmt i^etuUy^ irf wlilnh I win tpuk Eufthlt m, 

■ Tl!i« ■44Qfle. thuE Art owet bl^ly cvteei3Hdl ■» Ibo* ot ibadv or af ft Yivy 

fF^al dark blue, wilb ft litotib dm FeftBflp ttcj. 
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In several de|) 09 ils situated outaide tlie Snhantany ^ region Lhero 
is idso found an abundance of monnzite. a ceriuM pht^^pliate sought 
for on account of the anialJ quantity of thorium which it contains^- 
thorium entering into the composition of gaa mantles used for mten- 
hLvo lighthig. One can find thero also some uranium bearing titano- 
tantalonlobates ^ from which the pradous radium is extracted, 
it is not raali to think the day k not far distant when these niiiierals 
will no longer bo mere scSentific curioaitieSj but will become material 
profitably turned to account. 

The H^'ood group of pegmatites is characterized by a greater 
varloiy of gems," The most abimdartt is t-ounnaline* Thk aub- 
stance furnishes with beryl and corundum an illustration of the fart 
that the color of minerals doos not generally constitute one of their 
essential eharacterkticSr One con not conceive of malachite oihcr 
than green, but verj^ rare are the minerals which* like that, have a 
color which liolonga. to them alone. The coloration of nearly all spe- 
ciefl of minerals, and pari.kuW1y some precious stones, k only a 
natural tint, existiiig ordinarily in such a small proportioTi that in 
many coj^ one may still dLspute its nature. 

In the Sahatany region the transparent tounnaljiies ari* the most 
beautiful gems, running all the possible gamut of ccilorfl- Karely 
colorless, they are red and of many diffcreiit reds; pigeon blood like 
the beautiful rubyi rcd4 more or less llnged with ™letj fading away 
to the iiioal deiicatu rosi*^ there are some greens and blui^, some 
browns with now and then a smoky tint, aoine golden yellows, and 
one of daaxiing goicL liere the colors are unifarm in the same 
crystab there they alterjiate to fonu harmomoiis blendiiiga,^ 

By the side of these transparent stones are also found, as in the 
preceding pegmatites, a black tourmaline of tio poc^ible 
Though from u remimsrense of the war of conquest in which the 
Souegal sharpshooters played a r^ilo that the Malagasy^ have not 
forgotten, they call the^e siom^ Senegal-" 

E di^iQiittj irtuin tIMi uUMml Ei3 fnai lilnlRtliiiM bl IjW cryitida 

AANlU»f(^ne4lyj a h ibptv Afxmnpiuakd by Qolitnibtki^ pirt^ivae, 

umI H&iff bJ^autb mtoBiiti (A. Laciii'ls, BolL Sh. vcH 34, p, 03, »iil tuL IUji I9t^ |fL 70,1 

11 hmw dlftli]«ELlibwJ Iwa jpreiupa amm^; tbu? loioinli- (Cauiptw F«ddui, vfA. t+l, p, 7W, id^ 
Still fi«L tnme, mlD*-, raK IflOS, pp. JISJEI; vtiL W, mO, p. 3al: roL Ivla^ p. AlJ TM Onl k 
botitettk] bk i nw j r »ibdlt» Iw^ emt^f ipncioi tkl 1 h&ire caUh] baliUKA juad umbniltii; 

lIulH mibendi Ltt In icnat ^nriJgw ^ frtffniili CKt^iedr^nw; MWut oftbiuhnmbih] mud lodiiijAi 

cnxMltr^ momnlitt, iiui Ilia onr mlnaal tlut I mtnni uapuHpl^ltW i tf4 4 II Um 

tarfuiQQiu, 

A Ttiv iiilfMfdL]£i(>l£iJ dsAtpqieriltl^ vf tbM pcvmallEw 14 ^ I 14 Bibtawl wn«^ ut s^tUiun And ll thfinn bearliti; 
mlscmB; whm OlbTafixau R In th kfo^ potMb-Eoka, but Idpktolitffand djiv 0 ] 4 lt« rkb Uk 
ae«fm3un [arvriQlTpti) arpi}p3mej»,tir«lLkh T r«c4CitlfJtmtftl Ulb dtflcnDtcliDwUdsUa, (Conqiic* 

lUtuhiJ, ISd^ m% p. IU 4 

* I hATB [iFtli lA i9y (Tal,4j p, MS} b driAOed »t4ldj-, bl-vdeo- 

pAlUeil bf munimu ptuilxicnipbA, of tboB bkmlRic^ t>| vAcloqi eplvps, AiibmllC*^ witL «□» InEnnKFUac 
EDodtlji In bnnaoiJiy pRt Ibd ifEiUiiy bjuudbIjj biuI ooraiiimar vttii lirBptLlmafpfaimtt of tM jiiiomBf 

»In ibt pafcuaidi vRb lb« blOB Iricyl IbBH tourmAllE# nr* H&mUUMn. of nlnmi! <Hni 111 * 1 ^^ 
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The* bfryl is comtiipti enougliJ l\ b of a pnle or dairk CKrtninp 
L-oloTp sp iinusunl thui it is propo&ecl to pjivo to it ii nnzuc^r tbat 

^ of ** mor^njiite/' 

Spodumeno,^ lilmoet everywheTC! dso cpRqUi"j b found in fi limpid 
form, of ft bKUUtiful rose color ft tiiig:e of MJofv Bcrornpftowd by 
an ^xceptioiiftl brilliftticyp aiid this Ynrirtj% the ^^kuimiten” forma a 
ftiftgrtdfirent stono, riTaluig the one which mUU then had Iwen found 
only in Culifomk- 

Uoweverp I must mention a garnetp'* the BpeflaftTtitCp supplying some 
orange-colored gems having a refraction aa odd ns it is strong^ besides 
a uiineml tuukingj also, its first appearance fts a precious ntone^ the 
dftnhuHie/ whi{ once out, U hariJ to {listinguish froni the yellow 
topajt of Bra/JI. 

Often iiicdosed in pegmatite and without fllatitict cry'ytal forma^ aJl 
thi^q minerals^ with many others besides,^ show themseWesin pockets 
of crystals p a dc@<‘ription of which would not Ijo out of place in a tftle 
of the '^Thousand and Ouft Nights”; tiny grottos with marvelous 
walls iHumined by the sparkling of thotisancis of crystuls, and aniong 
them one docs not know what to jMlmiro the most, the flelicalantsa 
and perfection of the fomiSj the mujiipliiity und brilliiiney of the 
faceSp or the variety and ricluiess of the rolom, 

Wliile they maj' form, like the aquamarine, «k>uie prisms of great 
{limensionSp or even the smiUlest crystalsp hut with faces of u won* 
ilerful cle^niess, like those from the pockets, or again some ^jhapelesg 
fragments, nJl the transparent minerals tnkeii from the open quar¬ 
ries ■ are carried eaeli ovardng to the foreman, ealloLl the i^ommander^ 

i TIlh twyl vf V r*ilM^ i*4pnf Ji^a, mat □!vayi luairfr Lb» fhapJ# MarpcwitloD HfJ olHiaUu ^ufiEiu) 

ttiAt Iwj Iwjt bMH ntulliuUd tA it: CzAquEflajr, *.btat* oU la the Utfaia-biitrJnf ptccnFilftoa, ptmciflbB 

ituctiuL b Uy ume AibiJJap of ni»bi:t]lir raare (tf Iks aHLtldanUc HUthhmi, ruhUhusl, 

ennlcna), Oil* ukbstaulian nA uh* pm ealH tbe lumoH ot dauLtj iuift tti&t Iha liaxlieii of 

Him . Thlf vurlnl-lim b HfitisriUEu^ It li aiDt DHtiEurllj crameotiid iiilJ] tb« nlv, bat Lb* lltbt bcr^rl*am 

Etaxt uttm Uu* w tnm, tb« famty men «^a mu. 

A al LhJj pmptrir wj Jn ijfdtf tn ilitgnw* Lheu ptesktiM ilouf. Lb* 

ik£ irbkih td^y nf;y Ckhd 2.^ tutd the todfrcl m tlw 1^:iU4wlQf Ubllpi- ca LJMl^p 

Id LMtiJi, !□ Lb* 3ipaclj4atli atuaiod Up t* Lhe pf«aat uJ VbJch dim ciitislJftll*p Imbal^T lb«i 

ol Ihdt I lihcKiJd wM in wtdaLv Id thb that the ytry dtoiM bwjb, lnif«wl of bobif 

IgdfUuiicied iw the wUcfti mia^u Id IIh nrj llsht cmm, em fUawed nm£ the tu». I baxm dIanAfieri 
thiit qunrtioD wtiiUj Id th* ftk^etHa 4* U fnmc&bt d* 3], 1913; ^ 

k8j 4 hi enEne Itrevlaua uitdA. 

] niliiifal twJiMiup: Id Lhe pynumr fi^op^ ft ehowi the crjiloibi^ ll e ilUmL* pf dumiaa. 

fciui ntTib 

1 ^109 i| 9 «Btutlte Is ui ulnmlnd eU^d DunKuseM KOJnflt, cunbihibii ■■ Iftll* ItOke;; liulC onuiee \a fpotM 

lo IflHlaiiuvwn ii be CQmp&f cd, but a k Pdi wOh the ipessirUte oE North Chmlllu. Ih lb* 

dqumflfh]* beryl pefEUitltK ^amtC li aim UttmH, bat li U th« aljaiaddiae^ red udfrpuiai. 

«-ThJs ffliwiM i kagfllm-hn#nijAtllm*^ I DflAHWiiMd lEsuMsim Ed UsducBiiCar 30^- Er*a||L 

rti. .Up lea^v Pr Inm khq* cryfuU from the reUey ^ Lbd i^ebdluir. 

*■ We shonld amoiit tb* nldErvU Ipiltid Ih ^paLlle, thddlcjtip odd blothlLUHi- 

dlE*^ u t* crretBliud inioemii Own poc^oLep tb*y mm qtaerEf , siScndlRep olbite, foiirtiidLliJne,. fcwylp eb4 
Id which weilwald odd Iweiuw mloenlspecEHthail huvecdlHl '^btEytt*'* (t'empies RmdiLiip 
-rpi. t4fip p. I»7ji fthd Lfa*’''[umiiii4c[plje'' S«. ftdhi&t., roL Itiih 

* la D lew dtpocLti Lb* pecbutiie fa fouAd Oaoct nhd vvrj herd. HOf* oftm It la elthw feod ll nl i w l or 
Jnierlliud, *ll4 ht two CdMa il bu tHcome Hit onpo^ td be qiiuTltd wfth eJm jhbku or ihorils tlw 
tems cui iFirb b* AuHf aztnclvd. In Hiaitr of Lb* btdj tb*y work on Aa¥biile, pHlectbag th* {jegtcidiJui 
Id p^pcvoT biiea tn ha Emm aJlet* vicbilLy. 
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following th® i^nriont rnst'Orns of our old colonies. Tlie foreman, 
with a little lianxmor or pineers, without regnril for geometrical 
beaut^'^ for which mineralogista Imve iv ^ri of woritliip, appKea him- . 
edf to breaking out the stone/ an operation which consists in reduc¬ 
ing the mass to siiioQ pieceSf in order to detach the limpid portions 
and to separate them not only from the rest of the veinstone^ but 
from all that whmh^ in the material, h not uj^able^ imd it i!^ under tliia 
rough form of angular debris that the gems are eN^ported to Europe 
for tho final cuttings 

The alluviiil deposits are vety lUfferent from deposits ^*en place” 
and leaa attractive. Minerals arc no longer found in any sort of 
collective relalion in their mother rock. Under the inlluence of the 
phenomena of alteration during centurieSp they have been detached 
from their ganguo little by little, draiATi away from the place of their, 
origin by the superficial trickling dowUp and hurried Jiloug mncti Jiiore 
quickly as they arc less dense until they have been carried a long 
distance by torrents and xruxed with other species of different nature 
and origin. 

Under the tim^ultuous Tvaters which consume the mo^t resistant 
mountains, pursuing without truce a sort of eternal struggle for life, 
the Tveak minerals, the soft and fragOo one^, are worn ftiyay, cnislied by 
the strongp I should say by the hard minends^ and arc elimnated in 
the form of fine clay; the strong resist much longer, but whiitever they 
arcp iheir crystals sooner or later lose Llie brillisniy of ilieir tmm, the 
keenness of their edgea^ and before disappearing in their turn ihey 
are reduced to the conditiou of rouud pebbles. Among tlvcmp of 
e<pifd haninesap tlioge are presan’ed the longest that ara devoid of 
physit^al blemishes. Tliis is a gigantic methanical preparation, a 
foniudable cuttings effected by natural action. It is a selection 
tliTough force and beauty. 

Further, the gems that subsist in bedsp where tliey ttre often asscK 
dated mtUIi heavy and precious minerals, such as gold, pertain to a 
numb|tr of more linutetl species j though as a rule they are less abun¬ 
dant, yet tliiO proportion of beautifid stones in such coses is generally 
great. At MoJogaacar these stones tire chiefly conmdims, gamela/ 
occiisioiiaUy some clirjisobeTyl, some spinel, mid topas. 

One of tlic most lj"picai of the alluvial deposits among thoso I 
Tiftited is found to the southwest of .\mbositra, in tlie bed of the 
sniull river If^mpinaH its boundaiy is not at all & wildernesa of 
weeds like theSahaiaoy, but a forest in all its spleodor, impenetrable 

»la WflJii wtrto Iht ralllDg IV Prt dowLfl li- oomp < ulirK ba| n thr h«d(iLar^ 

^riklA kf 

Uu eul llAu&aiaM'CSiM InHii 4iu\'hdi^ 
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ot^tsiile the ben ten a forest whose glades set hi great trees ore 

peopled with jnimy-oolored birds and agile lemuni^ 

TTie f-ew Uabitatiions along the puth that led me there were no 
longer tlio sroidl white molded clay houses of ImerLna^ but light 
woodeti huta built on piles* The landscape is no more enlivened by 
the white ‘Mambas'^ of thc Hova; the natives that roam in the wcuKis 
are half nude; they are the Taualas with hairy faces* 

The washing of the alluvia with the md of primitivo filuicea and the 
still more primitivCi yields, with some goldp many crystohi 
of corundum * much rolled- Most of them arc opaque hut soma are 
tTaiisparent- By an irony of nature^ tlmt does not fail to rise again, 
and not without hittemess, the prospector, who kindly allowed us 
to %'isit his wqtIs— it is the un colored conindum which forms the largest 
crystals—could weigh them up to 500 grams. 

Their limpidity is so perfect that they might woU be dossed as 
magniGceat precious stones, hut of a difRcult setting; nevertheless 
the lea.^t among them would bring a fortune if it had the color of the 
atnallcsf. rubies and sappliires which accompanies them. 

In orilcr to find the depofiits rich in rubiesg and especiallT in sap¬ 
phires, you must ciimh toward the north on the volcanic tnasaif of 
Anloiratra, where are worked soroe basaltic alluvia c^mtalnitig debris 
of granitic aubtraction, the original source of the crystals of corun¬ 
dums and zircons which accompany tliem.^ 

Such are the precious atones of Jladagascar, numemuap varied:, and 
beautifuL Beryb, tovmnalbeSi kunaite, spe^sartltCi and uneolored 
coruudum, in particular, could trope through their limpidity, their 
color, and their brilliaiicy vriih similar geins of the liest known 
deposits of Brarih Ceylon, of California* Some of them, the rose 
beryli and the yellow tourmalines, for example, are unrivaled through¬ 
out the world* They need only to be knowTi. As the now comes to 
everything^ bo thiso must conquer their right to live, 1 have the 
pleasure of pre^seuting tliese to you in Feoognition of the pleasures that 
their study and their pursuit h-oa afforded me in traversing the vast 
EoUtaiy places of the high plateaus Uluminated the dear sky of 
the sGuthem winter, in traversing the somber vaults anil dense 
forest. 
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The knowledge of getos eonstitutca only a ^Tniiili part, of miners 
alogical questions which mJ’O presented in Madagascar. extinct . 
volcanoes, its rocks and their minerals, its ores, their composition, , 
their mutual relations, their geueaut, their modes of alteration deserve 
in the highest degree the attention of men of science. 

Fifteen years of work on these materiab of *dl kinds accumulated 
in my laboratory of the museum through the devotion imei inieUigent 
curiosity of explores, officers p adtmnbtratomp of colontats, prospect 
tors, had very often made me dream of the Great Me* 

Thia dream has become a reality* This has not in tlio least dis^ 
appointed the hopes that had been bom in my mind. 



THE FLUCTITATIXO CLBUTE OF XORTFI AiCERICA.’ 


By Ef44iwo»-m Bxr^msQTOdi. 
[VVieJi lOplatra.] 


PART !. THE RUINS OF THE HOHOKAJI, 

During his (;i)rin(?^:tinn la'ith the Piiinpelly expedition sent out by 
the Cftmegie Institution in 1903-4 tu Trfuisesispm find adjacent 
regions the present author came to the conclusion that hi the dry 
regiems of central Asia the climate of the past was distinctly nioister 
than that of the present. During the next two yeare an exi>edition 
by way of India to Chineae Turkestanp in company ^iih Mr. E* L. 
Barrett^ led him to extend this conclusion oxrr a wider area and to 
brlicYPi that the change of climate hsH not prtigresscd regularly, but 
by pulsations* StUI another expedition to Palcstinej A'^ia !&linorp 
and Greece in 1909 on behalf of Yale iruiveraity seemed to confirm 
tlic iitUsatory theory, and to show that the general course of hintiiry 
for at least 3,000 years has been in harmony mth the supp{>scd 
climatic pulsations, ilorcovcr, the obsor^^ations nf others^ even of 
men Buch as Beadiielb who do not believe that the climate of the 
earth has changed in recent timesi seem to indicate that north 
AfricBj on the one hand,, and central Europe on the other,, as well 
as southern Europe and large porta of Asia, have also been subject to 
climatic changes. Thus there seems good giuund for thes eonduslou 
that during historic times essentially synchronous climatic pulsa¬ 
tions hax’c taken place in all of the vast re^on of the Temperate Zone 
from Chinn on the east, across Asia and Europe,, to the Atlantic on 
the west. Obviously^ if such pronounced and widespread changes 
have occurred in the Eastern Hemisphore, there is a possibihty that 
changes of a similar nature may have taken place in America. 
Accordingly when Dr. D. T. MacDougab director of the Department 
of B<itanical Research nf the Carnegie Institution of Washington, 
iuvitc<l the author to cooperate witli the Desert Laboratory at 
Tucson* Ariz., in a climatic study of the arid southwestern portion 
of North America, the opportunity seemed too good to be neglected* 
Tlirce ijefuionflp consisting of three months in the spring of 1910, 
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four mouths in 1911, and four m 1912, have now been spout in the 
Bold. Tho tune wjiis divided between the ^States of New i[exko^ 
Arizona, anti California in the United StoteSj anil Sonora, Mejdoo . 
City, Oaxacaj and Yucatan in Mexico, iloat of the raethotU of 
investigation were similar to those winch the wriU^r haa employed 
in Asia, and led to a similar result- To these^ boweverj were added 
some significant observations upon the relation of tropical jungle 
mid tropical forest to eivilizatian in Yucatan,, and a series of highlj 
cnncluaive moasurements of trees* Both of these new and indev 
pendent Imes of obacr^'utlcjn coitfirm previous conclusions^ but in the 
present article the facts as to Yucatan must bn* omitted ior lack of 
apace* 

Omitting all consideration of tlio effect of dimatie change^! upon 
the form of the darUi's aurfaccj the composition of soil, the diKlribu- 
tioD of animalsj and various other lines of thought, let us turn at 
once to the vesttges of pre-Columbian man found in the southwestern 
part of America. Some, such rs the cliff dwellings and the great 
irrigation works and vili^esi of the Gila Valley in southern Arizona, 
are famous. A far larger number,, however, have received almost no 
attention even frcmi archeologists- The reason ia obviousa* In most 
eases the ruins am so insignificant that an unobservaut traveler might 
rifle miles ihrtiugh what was once a rc^on thickly studdetl with vil- 
lagCii witlitiUt being aware of the fact* Walls for JefeiL^dvo purfioses 
upon the mountains or pietograpiis upon the face of the rocks are apt 
to attract attention^ but few peuple notice tixe far more important 
sites of Yihages ^scattered in profusion over thousaneb of square miieSj 
especially in southern Armuia, New^ JlexicOp anti the neighboring 
paris of Sonora. The sites are now reduced to barren expanses 
strewn with onuimcnted bits of pottery^ flint knives and arrow heads, 
stone hammers and U-xea, mani ajid metato stones for grinding seeds, 
and in some cases rectangular line^j of bfjwdders placed erect at inter¬ 
vals of a foot or two and evidently onilining the w-alls of ancient 
houses. Ilere and there a little mound a foot or two high shows 
W'bcro an ancient dwellUig located- In almost every village an 

oval hollow surrounded by a low wall covers an area JOOcir2iX) feet 
long by half as wide—not a reservoir, as one at first supposes, but 
probably a cereniDmal chamber of some sort* iVside from these 
scanty traces nothing jnemabs. Yet there can be no queation that 
these Tver^i once ancient villages* Frequently the ground in full at 
bits of pottery to a depth of 2 feet or more, while the sorfacc is so 
strewn with sumlar bits; that one can not walk without treading on 
them. The houses wrere probably buUt for the most part of branches 
waitleil with mud- Such houses diga[>pcar quickly when abandoned^ 
the wood decays and tho clay used for wattling blows aivay or else 
is spread over the ground in such a way os not to bu noticeablcp The 
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mort? wcU-tCHdo mtniibery of the epmmunity npparenth' had more 
pretentiPUrt houses^ the remains of which are probably to be found in 
Lho larger heaps of clay and rubble whieh occur in most villagos, 
Chise to the moiintainis, or in regions where stone was available^ other 
methods of ronstniction prevailed. There wc find every type of 
arc‘hiteeture+ from houses wliich used atone only in a single course in 
the bottom of the walla, to structures made entirely of rougWy 
squared stone blocks. Some of theae stone str^icturea were cliff 
dwellings of three stories io front of c^vm, while otliers were isolated 
buildings standing in the middle of a plain and still rking three or 
four stories even after the lapse of one or tw^o thousand years. 

Tho majority of the villages muat have been inhabited for a long 
time. Even where tho houses have entirely disappeared, lho amount 
of broken pottery covering the ground indicates that a busy popula¬ 
tion livefl here for centuries» The modem Papago Indians still use 
potterv to almost the same extent as before the coming of the 
white man. yet the amount of broken pottery in their chief viUagCiSj 
widrh have been inhabited at least 50 years^ is msignUicant * while 
that in tho nnns Ls fts grenL as in many Asiatic ruins which ^l^e well 
know^n to hiive lieen occupied hnndrccls of years. 1 emphasis this 
point because American archecilugists and ethnologists have labored 
under a peculiar impresHion which amounts almost to an halbicinaticm^ 
Being convinced that no change of climate has CM::curredj they have 
been forced to the peculiar thcoiy that tho ancient people of America, 
tho ^^Hobokam*' or ’^Perished oneV^ as tho modem Pimas call 
them, were of a diiTerent nature from the rest of mankind. It ha^ 
been supposed that these ancient Hohokam were extraonimarily 
mobile and exlmordinarily industrious. For instaneCi in tho Tldi> 
toenth Anniiid Report, of the Bureau of EthrLology (p, 259), Minde- 
lelTp one ot the bast authorities, sayu that band of 50U 
village^building Inriians might leave tho mina of 50 villages in the 
couise of a single century/'' He a$sum.es a degree of mobility unpar¬ 
alleled among any modem agrkuitural people, or among any of whom 
WD have historic records. Tits assumption also carries with it the 
corollary that the Hohokani must have spent moat of their time in 
building houses, or in making pottery with which to strew the ground 
and give an appearance of age to their villages. Hunting tribes are, 
of course, mobile in the liighest degree, but the people with whom we 
are dealing were strictly agricultural, aa is utureraally agreed. The 
ruins of their villages are inTariahly locate<l dose to agricultural land, 
or at least to land wliich would be available for agriculture there 
were water enough; tlieir numberp even according to those who hold 
the migraioiy theory, was too great to fdlow of their obtaining a living 
by hunting? they hml no domestic animals on which to rely? md 
finallyp tracer of com and beansp the two staple products^ are found iiL 
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nl[nr)st eror^' ruin. Accortlinglyf in tho following; tlisoussion wo eliiJl 
follow the Hfrlicologists tti iissuiniti|f that tho antdonl Holiokain 
wore an acriculturoJ peoplo* Wo shall depart from tlionij liowoiRri , 
in assunjtiip that, in tho absonco of any cfvidonco to the cotilrorj'i tlio 
Hohokam wore like the reat of mankind, luid their mins nro to be 
interpn'toil by the aamo oriteria as those unlvoreolly oraployeJ in the 
study of the arclieology of other parts of the world. 

With these nswimptions in muni, we are prepared to iiiyestigate 
the relation of the ancient population to rainfall, l^t us first con¬ 
centrate otir attention tiptm a ainglo region, tlw Santa t'™?. Malloy 
of southern Arirona. 1 select this valley, not because it is particu¬ 
larly remarkable, but because it happens to oontiun Tucson, the site 
of the Desert Laboratory. This town is th® Inigeat in the two 
States of New Mexico and Arizona, although it has only 16,000 
including all its suburbs. 

The reason for the scantmess of population is found in tho rliinat®. 
The average rainfall at Tucson amouuta to about 12 inches. This is 
distributed between two rainy seoaons', one of them comes in the 
winter from Koveiulwr to Mardi, and boa an average of about 5 
inches of rain, while the other, with 7 inches of rain, begins at the 
end of June and lasts until early in September. The months of 
April. May, anti -June, or the forosummer, aa MacDougal has called 
them, are practically rainlcsa and very hot, ami the same is true of 
the interval from the end of the summer rains to the beginning of 
those of winter. Nothing can be raiswl without irrigation of some 
sort. Smee the coming of the white man, winter crops, slioh aa 
barley, alfalfa, and tbe like, have become important. The Indians, 
however, cultivated practically nothing except com fin<l Iwans, 
which they irrigated by means of the summer floods. 

The Santa Cruz Valley has a length of at least 200 miles, but most 
of it is well-nigh a desert, and can be utilized only for cattle raising. 
According to Prof. R. li. Forbes, director of the Arizona Ex])erimcilt 
Station, the entire drainage area of the Santa (.Yuz River contains 
only about 6,(100 acres of land under cultivation. Part of the 6,000 
acres is under full irrigation and produces four or five cri>ps of alfalfa 
per year, while a considerable portion is only under flood irrigation 
and produces but one crop each year, when the heavy' rains of July 
and August retlccm tho draert for a brief apace. Under tlio best 
system of irrigation available in modern times, P«»f. Forbes estimates 
that for every 2 acres brought under full oultivatwn one poison ia 
added to tho population of Arizona. In other words, if the Santa 
Cruz Valley were cut off from all the rest of tho world and left to ita 
own resources without railwayei mines, health-seekers, or other 
extraneous aouroos of wealth, the population would ha limited to 
tho 3,()00 who could be supported on the Q,000 acres of irrigated or 
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partly irrigatoil land. To tJiia number nothing tuiulJ bo mlcleU by 
dry forniii^ TsitHout irrigation; for Prof. Forbes expressly states that 
at* the present time, in spite of various attempts, no such thing as 
gonnine dry farming exists in the State of Arizona. Froniismg 
experiments give hope of seme Kuccess in the future, but they invoive 
repeated anti expensive plo'ning of the aoil after oaoii short period 
of rain, and this must be kept up for two years before aivy orop can 
be harvested. It may safely bo assumed that the andent Hohokam, 
'nith no iron tools, no beasts of hurtlon, and no groat ktiowloclge of 
science, could scarcely cultivate as much land os tho modem Ameri¬ 
can. Moreover, aa they had no ndnler crops, they could scarcely 
have raised as much food per acre as is now possible, even had they 
not been otherwise handicapped. For tho sake of argument, how¬ 
ever, let US suppose that with the aid of game, wild fruits, ami seeils 
in bad years, and with their lower standards of living, the ilohekam, 
if tiiey were here to-day under the pr^ent coiiditiona of climate, 
might support ibemselvca to a maximutii number of four or five 
thousand. 

Granting that four or five thousand iiohokani might possibly find a 
living in the Santa Cruz Valley under present dimatic conditions, 
let us see where they would be located. Iruismuch as the ancient 
people were agricultural, they must have lived where botii land and 
water wore available. At present about 1,500 of the 6,000 arable 
acres are at the Indian reservation and old Spanish mission of San 
Xavier, 9 miles up the Santa Cruz to the south of Tucson, Six or 
aeven hundred Indians now live tiiorc, cultivating the land, ratsing 
cattle, and going out to the neighboring city to work. Tn the days 
of tho ITohokam a somewhat dense population lived at San Xavier, 
as IS proved by various ruUia, incliiding a fort on a hilltop. Around 
Tucson itself the modem hnuaes and streets make it impossible to 
determine exactly how large an area was occupied by the Ilohokom. 
In all the outskirts of the town, however, pottery and other evidence^ 
of early man are abundant, and there is a fort on Tumaraoc Hill, 
where the Desert Laboratory is now located. Evidently many 
Hohokam lived near Tuc»on and cultivated tho 2,006 acres which 
can there bo irrigated. A third large area of modem cultivation b 
found along the RiUito, a stream from the southeast which joins the 
northward fiowing Santa Cruz, 8 miles north of Tucson. Here 
nearly 2,000 acres are now in use. In the past the Hohokam evb 
dently made use of the same land, for traces of villages are found 
near .\gua Caliente, Tonke Verde, Fort LofVell, and dsewhere. The 
three areas of San Xavior, Tucson, and the RilKto \*allay include 
about 5,500 out of the 6,000 acres available for cultivation, while 
the remaining 500 are scattered here and there in insignificant 
jtatches. 
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I liftve (lescrihed the praent distribution of population in the ^SantA 
CmzY^oy and its relation to ruins in order to brin^ out tho fact that 
the prehistoric inhabitants utilized every site ’wliich their modem sue- 
eeaaois can nlilis&c, Tliey did more than this, howeverp for in the now 
almost uninhabited and waterier 50 miles below tlio main irrigated 
areas of Tucaon they occupied at least seven distinct villfigeSp and 
others will probably be diseovered. The first vilhii^fep at daynea 
station on tho Southern Pacific Hfulroad^ 7 miles below Tucson^ must 
havo been a genuine town. Broken bits of pottery^ old grindin|^ 
stones, pestles, atone hammers, flint arrowheairisj and tlie low mountis 
of old houses extend for over a mile along a slight ridge of gravel 
between two areas of low-lying fertilo land posy to iirigate and etd- 
tivatiC if the river contained water. Now, however, the river dues 
not flow BO far except in floods. It might possibly reach this point 
permanently if no water were taken out upstrcaiu, but this is not 
certain, and ive have already seen that in former times there were 
numerous villages farther upstream which must have used up a laige 
amount of water. The abundant traces of human occupation in the 
Jaynes village appear to indicate that th© hoii^c^ were close togcthcCt 
and were occupied hundreds of years. Tlus one village can scarcely 
havo had less than one or two thousand inhabitants. Adjoining it 
on tho cast wo traced what Boemed to be the line of a canal for more 
than a mile on tho gravelly ground between the bottom lands of the 
Santa Cru^ oml the KilUto. Here wo found not only numerous rem* 
nsnts of houses^ but several of the hollo™ described above wliich 
aeem to be ceremonial ehambcni, and which by their size and number 
point to a somewhat large population. 

Two miles downsiream from the Jaynes rums, at the Nine-mile 
Water Hole, where the lost permanent Gpring is now found in the dry 
river bed, another village was located, not so Jorge as its neighbor, 
but nearly half a mile long. On the opposite or north side of the 
Rillito we found traces not exactly of a village, but of a series of 
houses scattered along the edge of the arable land at intervals of a few 
hundred feet. If all these ruined aitea were occupied at one timej 
which was probably the easot aa we sliali see kter^ the popidatlon of 
this one small region from 7 to 10 miles below Tucson can scarcely 
have been less than two or three thousand* That tho inhabitants 
cultivated the low land on all sides of them can hardly be doubted* 
for the bonsca are located just on the edges of the good land, but 
without encroaching upon it except where the arable tracts are so 
extensive that an elevated^ gravelly site can not be found within a 
reasonable distance* The villages in the aituations thus far men¬ 
tioned might at present succee<l in getting drinking water without 
much difficidty* They could scaredy get a living from agriculture, 
however—and certainly not from any other source-^unlesa IJie upper 


CLTMATB OF JfOBTH AMEKICA—BUNTIXGTOX* 


S80 


villoifes wero unoccupied nnd nil the water nornmUy used by them wore 
brought many miles clownstream in canals. This is ararcely possible, 
for tlio univereai tendency' in all irrigated regions is to use the water 
as far upstream as can be dene profitably under the existing state of 
skill in the science of irrigation. In the good years, to bo sure, the 
people of these villag€« might raise croi», but in the dry years tlicy 
would stam’e. 

Farther down the Santa (>ua River, by wJiich I me^ tire tlry bed 
wlierein n filtlc water occasionally flows, a small min lire «t the 
mouth of tho Canada dd Otr*. or IJtUo Canyon of Gobi. A little 
farther downstream, at the sit-called Point of the Mountains, 17 miles 
tiortliwret. of Tucson, Oiere is another laige ruin known as C’hatco 
Yuma. In the spring of 11» 10 we founrl that the nearest source w hence 
people like the liohokam, who could not dig deep wells, could have 
obtained water was h mUfis upstrcain at the Kino-mile Water Hole, 
There tho amount was aufflcienl for drinkmg purposes, but not for 
iiilgation. Ranchers engaged in raiaing cattle informed us that no 
water w'hatever liad come down the river during tho preceding winter, 
although during the summer of 190^, when the rainfall for tlie hot 
season was dose to the average amount of t inches, flooils came dowTi 
after IS or 20 showers. In some cases tho flow of w'ater lasted only 
two hours; in the heighl of the rainy season, however, that is at the 
end of July and beginning of August, a brook of more or Ires sijw 
flowed steadily for two weeks. The average duration of the thH>[ls 
ivns said to bo about 36 houw. Ftom this WO infer that during u 
summer of average rainfall, surface water flowa as far as tho old villago 
of Chareo Yuma for 25 or 30 days during July and August. This 
couclusion is confirmed by the statements of Socoro Ruelns, a MoxicaQ 
cattle rancher, who in boyhood and early manliooil lived at the old 
stage station located in the midst of the ruins. In winter, acconling 
to his stotement, water rnrdy reaches the place, and oven the heavy 
showers of summer sometimes fail to send it so far. When he was u 
boy in the lute seventies or early eighties tho spring at the Nine-mile 
Water Hole increased so mudi as to send out a stream that was used 
for irrigation for a year or two. But at other times it completely 
drierl Up, so that there was no surface water wSthin about 12 miles of 
Giorco Yuma. From the spring of 1885 to .August, 1887, according 
to the dates givtsti by tho Mexican, no watw whatever, either in sum¬ 
mer or ^vintor, came down as for os the ruins, and people like tho 
Hohokam who depend upon summer floods w'oidd liave had no crop 
in 1885 and 1$S6, and only a jKmr one w'hen the late raina uf 1887 
arrived. 

In spite of w'hat has just been said, there is a little cultivation on the 
opposite side of tho Santa Crus Valley, a mile noitli of tho ruins of 
seaao'—au 1012—^ 


3JtO AXyUAL REPOKT ISSTITUTIOS, W1-. 

ChArco VuiUA, nere, nt&r the viUageliss station of Rillito on tbe 
Southern Pndfie Railroad, a narrow strip of laud oontainttig fiomo 
300 acres and extending along tlio milroad for about 3 miles ia culti-, 
vatwl by the slationnjaater and ii neigliboring cattle rancher. '‘Talk 
aliout dry farming," sidd Uie stationnutatcr, '*it*8 the easiest sort of 
tiling. Five inches of rain a year is all we neeil here, and we get oti 
an average twelve. Just look at my fields. They'ro not so good as 
usual, but tlicy allow what can bo done in a hail yeur like tliis. It's 
all in the w'ay you plow and harrow and ndl." A little investigation, 
however, sufficed to show that the 300 acres are supplied with very 
ofTcclivo irrigation, not artificfial but natural. At this point tnoim- 
tuiijous spurs cause the broad woste-liUiKl liosin of the Santa Crus to 
eoutract to a width of only a little over a mile. The rock floor of tlie 
basin lies near the surface and sets as a concetded dam to raise tlie 
level of tlte ground water. Also, tlw floods, when they come so far, 
spread out here and acscumulatc in ]>ools, Xevertlielesa the crop was 
p^jf when I saw it beeeusD the rninfidl of the winter of iSJOfJ-’iO was 
le^ tlian the average, and was badly distributei], most of it falling 
early in the winter. Tlie groin planted in Septemlwr and October 
and oven in eorh* November grew fairly well, while that planted later 
failed to head. Even in the best part of the 300 acres, howover, tliat 
is in the most moist depressionB. the hay crop, for wduch tho barley is 
planted, was ex;>ccted to amount to only about 15 tona as compiu«d 
with 05 in the preceding year. 

At least a quarter and probably a Liiird of tho winten; during the 
lost 40 yeais, sincD records ol precipitation began to be kopt in the 
region, have^been oven more unpropiiious than Ifl09-Z0. Jf the 
poor rainfidl of that year could cause tho diminution of the crops to 
the »teut of five^lxtl^, it requires no demonstration to show that 
the fields must have been almost useless in the nine vears since 1S67 
when the \vbiter rainfall lias been less tlian at that time. Outride of 
the 300 acres miw in use many attempts at cultivation have been 
made near Charco Yuraa, but without success. In years bkc 1 OOd-.'S 
to be sure, with nearly 15 inches of wdnter rain between (Ictoher and 
April and 6 in tlie “nimmer, from July to September, <«■ Uke 1906-7 
witli ucarly 8 in winter and 11 in aiunmer, fine crops can bo raised in 
many ]ilaees, but this is the exception, not the rule. 

To sum up the conditions at Charco Yuma, it appears that no per- 
manont aupply of water i$ available without tlio dij^dng of wells at 
least 25 feet deep, a task lughly difficult for a primitive people without 
Iron tools. The nearest permanent supply of water w 8 miles away, 
and even that occasionally fails. A period of tw'o years and moro 
may pass without a single tomporwy flow of water. iTie total 
amount of land capable of cultivation amounts to about 300 aerre 
aufiidcnt to supiiort ISO or 200 jieople in ordinary j-ears, but the 
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yield from thb limd hfis fallen off as much, as S5 per cent in recent 
dry years^ and must fail off more in tho fr^uent eesiwitna which are 
, worse than the one in qneotion. Winter crops $nch as have just 
U'cn mentione<Ij however, had no imi>orinJtce for the Hohohamt since 
they had no wheat, barley, oatsi or other grains of the Old World, Init 
depended almost solely upon inahtc and beans, which require stimmer 
rain. Aocordipf; to KueloSj the Mexican, no iiood waters reaehorl 
Chareo Yuma in 1SS5, when the summer rainfall amounted to only 
3^07 inches, the minhniim on rocordt nor in iSS5 when it mnounted to 
4;27 iiiches. If no water reached the place vrith a raitifAll of 4.27 
inches we may safely infer that at least 5 inches would be required in 
order to raise any crop whatever. During; tlie 4£ years for w^ikh r*>c- 
ords are available, 15 ^umnier^, or ono-tlurd, have had a rtLinfoll of 
less than 5 Indies* Wo seem compelled to conclude that at present 
liie total amount of land which coidd be cultivated under the Holio^ 
kani methods anioiintA to only 300 acres, which w'ould yield no appre¬ 
ciable crop at least ono ymr out of tltrce^ and poor crojja about half 
of the rest of the time. 

In spite of these untoward circumslances tho Hohokom lived here 
in considerable numbers. On the left bai'ik of the dry river bed, 
between the channel and Iho hsae of tho jutting point of the Tucson 
Mountains, Mr, Herbert Brown, editor of tho Tucson Star^ sdiowed us 
the remains of n large village. For nearly 2 miles we found pottcrv 
and otlior artifacts scattered along the base of the tnountaLuB, not 
thick as a rule, but at frequent intervals os if hotis^ had been toeat€?d 
here and Uiere along the edge of the cultivated land j'uat as tvo have 
seen to be the caaw farther upstream, or as the modem houses of the 
Papago Jiidians are located at Son Xavier. In the center of the vil¬ 
lage the potter^' is thicker. There we found a great bowlder of ande¬ 
sitic lava almost buried in oJluviinn. It was studded with. 24 round 
holes about Ifl inches deep and 3 or 4 in diameter, while a similar 
block not far away contained 7 holes of the same sort. Ijong ago the 
Hohoknm women muai have gathered here with their stone pestles^ 
and gossiped os tliey sat on tho great rocks and pounded com, l>can 3 , 
or other seeds to make flour for the daily bread of their huabiiii ds and 
sons. Not far away an elliptical indosure of the kind which w'e have 
supposed to be a temple or place for religious cetcmottials has a length 
of 210 fijot and a width of 90, dimensions sufficient to indicate a rillage 
of considerable siste. Back of the temple and the great grinding stone, 
if these are the proper terms, the whole eastern and northern face of the 
steep rocky bills is eovored with low defensive walls, including spaces 
10 to 30 feet wide, w'here families appear to have taken refuge in 
times of danger* A rough estimate shows that these inclosures num¬ 
ber several hundred, which gives some idea of the probable size of 
the vUlflgo. In addition to the ruins already described there was siiU 
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anotlier Inrgf^ village in this vininity on tho farther side of tho Point 
of the Mountains^ that is half at lluw-quarters of a milo downstrram^. 
Here fur nearly' a milo nml a half along the gnml terrace above the * 
alluvial pltLln of the Santa Vtuz^ and OTerlocikuig at a dbtanTO the 300 
acres now under cultivation^ pottery and the usual accompanying 
ariefaete are thickly seatteretl. The central part of the village occu¬ 
pies an area of about 2G0 acres, while Hie siirrounrlmg: part where 
p<ipuliilion was less dense covens a slighi ly Ijiiger area. In the center 
of tlie villagt T pottery is thickly EP*oi^"n, and the upper layens of earth 
are fuU of it to a clepth of 2 feet, indicating very long occupation. 
This lower village was laigt^r than the one <hi the other side of the 
mountains, and, 1o judgi^ from the degree of mm of its CM^remonial 
chombcTfl, it appears to have b<^ii occupied longer and abandoned 
earhor. Moreover, there arc no defensive w'alls, so far ns wo cou]d 
discover on the side of the hills facing it, although tliaro oro plenty on 
the other side. All these things suggest that the original Tillage was 
rlnwnatream from the Point of the Mountains, an<l existed during a 
time of peace, prosperiU" and dense population, while the ollter vilbgo 
was occuplf^d kter, periiaps at a time w'hi-n tho ’Water auppiy was 
becoming l^so tlmt it ivas neceasaty to move iipstivam above the 
Toel?y dam of the jnouniaiiis. At the same time war-Uke ctmdi lions 
perliapa tiegan to prevail, possibly because of the distrei;^ duo tu lack 
of rain, and accordingly the people of the villago were obliged to 
build places of defence upon the mountain side* 

Ikduw (liarco Yuma agricndtural conditions become less and less 
favorahlo. Nevert belt?^ ruins of ’liliagies arc found at Nebon^s Des¬ 
ert Eanchp 211 nnli^ from IMcson, at Picache, 16 mile$ farther down 
the Santa Cruz, and in several localities south nf Toltec Star.ion, 
which h alKmt 55 miles north’west of Tucson. These last sites lie in 
a region where a recent attempt at irrigation h*Ls been made on a 
large scalcn A dam of earth was thrown up to collect flood water, 
and caneb were conslrurtcd to distribute it over a plain of the richest 
soil. Jly fii^t Imowladga of the project came from the sight of a cloud 
of dust wdiich 1 saw' &om a mountain top mimy miles a’way. ** That,"' 
said my companion, ‘'is the dust of the 4,900 acres that tho Santa 
Crust Resen’oir Co. plo’wod up and planted with barley last fall. 
Not a grain of their barky has come up in tho ’whole 4,600 acres, 
and yet they are trying to sell farms/' Later 1 rode through the 
dust itf the great pluwcil field—dust ankle deep—and sttw with my 
own eyes that thcro was not a vestige of tiny growing thing. During 
the winter no water came down to fill the reservoir; tho next sum¬ 
mer brought no better success, end the project ’waa abandoned* Tho 
entire group of ancient villages in this region of unsuccessful irriga¬ 
tion beloAv Charco Yuma must havo contained as many people as tho 
groups at either Jaynes or Charco Yuma. In every villago of this 
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most rt^inoio group the problem not only of niLVuig crop^, but of obutu- 
ing drinking witU-r, would appiircntly prevent primiave people from 
Jiving thrre under prescuL L-onditiom. Wells e Luudred or more fret 
drop sucL IL-^ support tUe few fai-sc*ttereJ cattle rnnehea of inodeni 
tinie-s were of course out of the question. Ilcs*;rvmTS were dnubtli^H 
the common retamrec, but they were apparently ponstrueted merely 
;,f earth withnut plaatcr, and at best they must Uve been shallow. 
If for 10 consecutivo months no (looda came down the river to tlua 
point, ns happened in I&OO-IO, tdl the water must have tlisapimared 
by seepage or evaporation, to say nothing of daily use, long btdora 
tbe supply was rcrlcnishod; while pcriala like 1SS4-18S6, when there 
were no floods for at (cast SO monllw, would mevitably cause the com^ 
plett? abandonineiit of such a village anti probably the death of msny 
of its hjhabitiints, by rciisim, not only of hunger and fiuuine. but uko 
of the Wills and diawnlioiis which would incvilably orisc when all 
the countiy was in the thnxsii of terrible drought. 

Tn sum up the coriditionis hi the Santa Oru/, Valley, it appears that 
at pre-seiil not more than four or five thousand people could And sus- 
tcnjincc without mcifleni railroads and other means of outside asski- 
aiico- The part of iho volley which is now capable of cultivation 
contains niiiia whinh indicate that all the availablo laiul was util^d 
in the past. Below the point where irrigation k now possible there 
ar® three large groups of ruins, and tUa three together must have 
Lad as many poijpk as the higher regions where there la atm waUT, 
111 other wortls, it seems as if the Santa Cruz Valley once had at Icii-t 
twice as tniniy people aa it could at present support, and half of these 
lived where the white man can not now get a living from agriculture. 

Before h aving the Santa Cruz drainage area, we must describe two 
sites located at the head w titers of tribuiaries aud alTordiug phenoni- 
cna dilferent from those thus far dLscuiaed. Tlio first is at Gibbon s 
rtuteh, east of Tucson, at the Bouthem base of the Santa Catalina 
Mountahia, This b one of the few places where the water supply 
dcTKinds upon a spring rather than a stream. In l&lO wo found tho 
site unoccupied, although a decaying adobe house atojnb hcsnli; a 
small reseivmir supplied by tw-o or three trickling Uttle spring*, rim 
total amount of water in March, 1910, would scarcely have sufec^ 
W irrigatio 3 or 4 uJi iimouiit so small that the own€T of im 

ranch did uoL Ibd it worth while Uf practice o^culturo at oil, but 
lurucd hb attention to cattk rabing. Since his death or removal, 
no one has lived there. Some day, perhaps, a t^ifty Clmcae peasant 
will establish there a market garden. Ho will certainly be most 
skillful if he can make the water sufTico for the support of more than 
two or thr(.>e familiBS- Yet once there was a respecUblo vdlage here. 
EiKit of the dry "wash” or saudy flood cbi^cl which ycei^ion^y 
earrk ’3 water for an hour or two whilo rain is falUng, my guide, Mr. 
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Bo vee^ and 1 countncd t h^i stone foundatioris of 2S iiousi?:^ in an area 
of S flcresp wliilo wo found pottery quite thiekly strowu over 40 acres- 
Wo iloubtliisa mi&sed sonto of tbe hoiiso, cither because tboir fotmdn- , 
tiouti have been concealed by the wasbuig of gravel in Soodsp or be- 
cau,se iheir appearance is insignificant- lienee wo soda to bo well 
within the limit if we say that the population of tlic viUogo in its 
prime was probably as much as 120^ w'hereas now iho available water 
supply is sufficient for little more than ono-tentU as mmiy. I am 
well aware that the common objection to this conclusion Ls that tho 
ancient jlmerlcans did not occupy all the houses of a viUago at once; 
that people built house?., and then if some one died they built otbem; 
and thus there might be many times os krge a number of houses as 
there were families. This view, how^ever, m unprtjved. I ts basis, k 
firitp the fact that certain modem irib^ of Indians, few' in number, 
aiul living largely in huts of temporary and easily constructed chaT^ 
ftcter, liavD the habit hero des<^ribcdj andj second, the unfounded 
assumption that the population of the southwest in ancient, preliis- 
toric times ran not possibly have been so large as the mins would seem 
to indicate^ because the countiy' can not now support, so many people* 
In reply to this it may be said, first, that we hitvo no knowdedge of 
the customs of the Hohokam apart from what we loiint from thdr 
ruins, nor do we even know that they were related to the modem 
Indians any more closely than we are supposed to be to our fellow 
Indu-Europeans, the Persiana. In the second placcj the habit of 
abandoning dwellings after some one has died in them is not at aU 
comiitou at the presi^nt time, and it rarely or possibly tiever prfsvaila 
fuuung a purely aodentary , agricultural people such as tho Ihihokam 
appf'HT to have been. It is praclicidly limiicd to tribes who wander 
from place to place and whose habitations arc coriacquently of the 
naturr nf booths or mere temporary sholtors, easily rantoved and 
easily renewed. In tho tliinl place, the siao of the central structure 
of each ruined Tillage^ the supjioaed ceremonial chamber, is suffi¬ 
cient to indicate a comiderable number of people. The stone founds^ 
tions of the siruoture at Gibbonk ranch, for example, have a length 
of 105 feet, and it hardly fioema probable that a niero handful of 
riohokam, 10 to 20 in number, including women and children, would 
have built so laige a building. Finally, it is naBcientific to osanme 
that conditions of eUmat^ have alwaj^ been as they are to-day. It 
may be that those who hold this view are r%htj but they certamly 
are not justified in making the assumptinn when tho matter has 
never yet been submitted to any rigorous mathematical mvostiga- 
tion such os is here attempted. 

After studying iho ruins of tho main Santa Cru;: Valley I came to the 
conclusion that a mere e?csmination of the map was sufficient to 
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Ulilic&ti} wln?ro ruuw wouUl be found- Accordingly I deciflpd ui-wn 
tiio head of ihfl Rmeoti Vulley, iibout 22 milra southeast of TNjcsou, 

. HB a teat case. The expected ruins were found in the shape of several 
aniatl villsgeSf the chief of which contains the foundations of at least 
18 houses, Probably there were once other hoiiscs in the valley, 
for pottery is found in several places whore no foundatioiia are visible. 
The present po])ulatioii consists O'f two llcsican and two j\jncricim 
families, ono of the latter being tlifi forest roni?erj but the am bio 
limil is said to amount to ISO or 200 acres, which would permit of a 
jHipuJation of 20 or 25 families. Tbe significant fact in thia case is 
nut the dbicreponcy between tiro proseiit and past population. Tho 
number of hihabilant* in the past was not limiteil by tiro amount of 
water available in the streani, but by the amount of level land in tlie 
ntuTow' Iwttom of the valley. Apparently the Ilohokam wanted 
more land tliaiv they could readily obtain. About s mile and a half 
oast of the forest rfoiger’s house nud some 8 miles east of the promi¬ 
nent hill callwl Sentinel Butte, ft grassy Blopu drops toward tho 
nortlrwcst at Uie base of Rincon Peak, 8,465 feet high. The slope 
has ft fall of about 10 di'groes, and un altitude of from 3,800 to 3,500 
feci above sea lovol. On the most favorable part of tho sbpo, for a 
distance of a bout half a mile parallel to the upper Rincon, and for a 
width of half or two-thirds an much, one limla unmktakablo tcTTacoa 
built apparently for purposes of agriculture. In general they are 
from 20 to 70 feet Icmg and 2 or 3 foct high. The commonoitt location 
b at right angles to the minor drainage iinea, each little swale being 
broken into terraces with a addlh of from 20 to 30 feet. In some 
esses thu spaces between tho swales are also tcrracDd, the terrace 
walls in all cases being composed of pebbles and cobblestones, I 
Boarehed carefully for pottery, but succeotlctl in finding only ono or 
two coarse bits, rpiite iu contrast to tho abundant potsherds ivhich 
occur not only among the foundationa In wit down the valley, but 
along the borders of the idluvial plain. The unly other works of 
man among tbe terraces are some amall stone circles, like the boils 
where tho modom fiidianfl cook the yucca to make the drink knowit bs 
moseai, and a low round atructuro of bowlders. Tho whole hilUtde is 
almost exactly like hundroda in Palestinr, Syria, and Asia ilinor, or 
like others in Mexico and South America. Even the little round 
atnicture, about 7 feet in diameter, with its small doorway, suggests 
tlic watchmen's aheltcrs in the terraced fields of SjTia. There can 
scarcely bo any doubt that the twacis wero dtsigued for agricTilture, 
Apparently they were not intcndcil for irrigation, for they ore not 
properly arranged for this, nor does there appear to be any available 
source of water. They must have been intended for dry farming. 
Three or four miles down the valley, near the main village, a few simi- 
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IttT temcea occur on n pravot slope oast of iho ruins find* far al>oyo 
fljiy ATaikble aojvpiy of water, so that here, too^ dry farming appoaiB. 
tu havo been attempted. i 

Prof. I’tjrbes of the Arizona Expertment St-ation^ as has alreatly lionn 
E^tatedp sajB that dry farming is not now practicable in Arb£onao.tcept 
by mofrt careful and eN|icnsire malhods of plowing and harrowing 
continued for two years in order to get n single crop. The terraced 
slope m the upper Rincon Valley^ because of its proximity to the 
mountainSp undoubtedly receiree more rain than do many parts of 
the country. Over on the east side of the neighboring Santa Rita 
Mountains at an elevation considerably greater than that of our 
terraces^ potatoes have been reported as grown without irrigatiotij 
but inquiry shows that they are watered naturally hy springs seeping 
out above them. In the same region^ at the mouth of Gardener^a 
Canyon at an elevation of 5^000 feet, four or five settlers took up 
land and attempted real dry fanning in 1909. Tho olovation is 
suirieieiit to insure moderately cool weatherp and hence le^ vapors^ 
tiou than in the parching ]>lains. The rainfall during the summer 
season of 1909, as measured at the Empire ranch, not far away^ 
ampnnted to 9,3^ mrhes as against an average of 7.93 for the preced¬ 
ing 15 years. NWertheless, the com of the settlers failed utterly; 
and the boans^ the most reliable of all cropSj gave so scanty a return 
that the famiere were completely discouraged. In tho absence of 
records we can not say categorically that crops might not bo raised 
on the terraces at Rincon, We con merely say that nothing of the 
kind has succeeded in this part of Arizona hithertOj, and that in April, 
1910, wc found tlm terraces with no more sign of fresh vegetation 
than was apparent on the surrounding dry plaioB, 

Apart from the inum^liate question of the possible ollnmtic signifi* 
ounce of tho loirncQs, they arc importmit in another aspect. Man- 
kmd rarely labors except under tho compulsion of some strong force 
such *3 hunger, fear, or ambitioix, The ancient Hohokam would 
scarcely have gone to tho labor of making' the temicog without some 
good motive. The eh™us agricultural character of the terraces 
precludes tho possibility of any religious signiiicancrep as decs the 
fact that clMiwhore such temtcps aro found closely associated witJi 
religioua struct urea, from which they are dearly diffoTcnthttod. 
Oefenae apparently had nothing to do vdth. the matter, fer there 
seeing to be in* fortreas near at hand, tho terraces aro in a decidedly 
undefensiblo location^ and they are not protected by walls. The 
only adequate exp! an at ion Would soein to bo tho nood of more abun¬ 
dant areas of cultivation. Rrobahly tho Hohokam of tho Rincon 
Valley found that the limited amount of land in the bottom of their 
narrow valley was not sufficient for their nee^b. TherDfore. having 
somehow learned tho art of imikmg terraces as practiceil in other 
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puna of thn nritl soutliw-oat ur in Mexico, lIio.v biiUt u. considerate 
number, pm-tly clnso to their niaiu village, but chiefiy oii u filopo of 
espmHlly favorttlilo location. This hi itself may siwin of small 
importancti, but it is aignilicant as indicating that ]>robably tho 
population "wajs docklodly denso. TTad thorfi been abunilujit itnuseJ 
irrigable land edther hi tlia Itiiicon Vidloy or hi neigh horhig rc^ons, 
the llohokajii woulil scarcely have gone to iho laixir of building ter¬ 
races. Hence we inf or tliat the populelion of the country as a whole 
wiLs iks dmisti jjtdic&tod by tho abuiulii^t riiitis. 

Thw procodin^ hitTo deyotfid tlio doscriptioii of th^ 

pU^numouA of II feinglu vidltty ui s^oiitharn iVrizonj^. Thiit viiUoy wfts 
ftot chos&n b^caus^ nf siruii^li of its €i™loiiCKi of cluimlio Gluu>gi?a;^ 
but nieroly bocauso it lui|>pop.t!d to bo tho first wliicli I hivostii^jitod 
Atid tho ono ’ivLojo 1 speirit uiosi Limo. Half a dazoa otbsirs ndglit 
ha VO boon choson oqually woll. ^fho sanio typo «f phouonioiia is 
displayod ’with equal e1oarjii'$3 in tho Altar Valloy of iiorthwostora 
lloxicoj in llie Chaco ’\'alloy, fjUO miles to tho northexu^lp in the north- 
woatorn corner of the Siato of New Mexico, and in nmnorous valleys 
bfttweon tlvo two, and in tho regions round about. Further details, 
kow 0 ver> would overcrowd thh^ article and wo must hasten on to 
consider another phase of the subjoct. 

PAEtT II THE SUCCESSlOX OF f:lVILlSlATIO:!i:. 

Tlius far wo have dealt solely with tho question of whether tho 
clintate of tho past was ^lifferent from that of the present. Having 
conduded that there is strong evidenco that this was tho case, we 
shall now attempt to ascortniji whether the change from tho past to 
tho presont took place grattuaily or in pulsatory fashion^ imd ^whether 
its vanuim phases synchronizo \dih similar phases In the Old iVdrld. 
Tho fii^t ovidcmcQ on tliis point is dmvml frs>m alluvinl teiraco^ and 
lacnetrine stramb, and poiotH tliatincily toward pulsatory changes, 
but gives little clow to their ilates. Coming to man^s works, wo lind 
that a broad view of the ruins of the southwest st^cius to show that 
they bolotig to at leai^t tlirco periotb. During each of these pi^rioib 
the area capable of cultivation appears to have been more exten^sivo 
than at present, although only slightly so in the lost ]ieriod. In tho 
middlo perioti tlie arable area was larger than in tho last, and m the 
earliest still larger* Tho !a$t period ilatee back only lo Spanish 
Tho bt3ai examplo for dbeo^on here is the raim of Gran 
Quivira in central Now ilexico^ These ndm lift cm tho lop of a 
rounded hUl about 200 feet above a broad, open vdloy ilraining 
toward the south and a milo or more in width* Tho altitude of tho 
region is over 6,000 feet, iso that tho temperature is comparatively 
low. The ruins coiusdat of two distinct porrio^is, Pueblo and Spanbh, 
covering an area about 700 by 1150 foot. All tho buildings were con- 
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struett^d of rough rootangl^s of light gruv lun^tcmOp whoso oharftOtof 
h such thiU long liot! arduous work would bo roquirod to got it out 
in largo quantilioa wuihout tho aid of oxplosiv<«. Inasmuch aa tho * 
village was eviilontly built long hoforo iho coming of tho Spaniar^lSj 
wo must afsatimo that tho Fuoblos, or ihf^Lr pnulocosad-iMp put thom- 
stdvos to u Tast amount of ialior in tho proco^ of quarr^'ingp squarhigp 
and Iraiisponiag tho atones of Uurir numoremg housos. Itany of tho 
tiwolJhigs wtirc of twu atorit^^ and tie heiglii of tho hoaiis of roclcs 
midvctj it probable that soma woro of at leant threo gtoriea* Tlio 
roams arsH all snudl^ m ctLstamary in thia rogionj the niaiorily not 
oxcooding 7 by U fiwt. Tho oXfw^t nuinbar of rooms lias novar been 
c^nmtodr but if we assume Uiat only half of tho 5J acres coverod by 
tho ruins was actually built uponp and that tho roomsp including the 
walls, had an avoragts aizo of 10 feat by 10, thoro must Wvo been 
alasuL tpl(K> rfjoms on tho grnuncl floor. The upper stories may be 
put at 400 roomsp although tho actual number was probably two or 
thr^'^^ turia$ great. This giriH 1^500 nmms bs a low estimator, 
which would moan at least a thousand people. 

When tlic Spaniartb came to the country at the banning of the 
seventeenth conturi> the viUago of Gran ^ivira was evidently one 
of the most important Ln the dbtrict. Otherwise the canny fathers 
wottUi not hiiTc built here one of their largest missions. Pofisibly a 
portion of the \Hllage was in ruinsp and the rocks from it nmy have 
supplied tdatcrials for the large- church with walls 5 feet thick and 
fur the other structures which the Spaniards erected. Nevertheless 
the number of natives must have been considerable. The beginning 
of the Spanbh rfiglme heiej as in tho rest of New ifexko, appears to 
have been highly peaceful and prosperous. Tt« end, jm for as Gran 
Quivira is concerned, seonu? to have como at the time of the Pueblo 
rebel I ion, which culmiimLiMl in IflSO. Since that time tho site Has 
bt^en left as a center around which a multitude of traditions have 
gathered. One IrndHion ascribes its destruction to an earthquflkep 
^inoLher to a How of lava bursting forth some miles away^ euhI ftttU a 
ihiixi speaks of a river which has aow^ dj.sappeared. 

Tlie 1 mlh seems to be that there is ao village now at Gran Quivira 
bocauso there k no water and the land is too dry for succ^wsfid culti¬ 
vation (?xcept in ycar^ of good ramfoU, A ranch Ls located in tho 
valley bclow' the rtuns, but it U not permanently Inhabit inI^ although 
a little citltivaiioa is carried on. Settlers have recently taken up 
lanfl 10 to 15 mlleii to the north, hut are having a very hard lime. If 
the rainfall h propitioua they can exist,, but in 1909 no no of them 
raised enough to live on. It scarcely need be added that nJl depend 
upon deep welb for water* So far as we can gather, the Pueblo 
Indians, Uke tlieir llohokam predecessors, knew nothing of limo or 
mortar and had no facilities for making water-tight cisterns. They 
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constnicteci num^rciti^ i^s^rvo'm, boweTi^r, anti thes^ were? thoir nuim 
tlppeiiiloiic* Iq till!' tliy sPtt 5 ou+ Ono &vith roservoiT still remains 
inUrX at Gran Quivira' It Vi^ about a quarter of a uiila east of the 
in the inotith of a shallow ftiroyo, ns dry ‘ti'oUew are here 
eallfj. Tlie reservoir ia only about 75 feet in width ami 5 leet deep. 
The owners of the ranch flown below in the main valley say that 
during seven years of life here they have never si'en any water in h 
except imniedialely nfier min. My viol took place in the early 
spring of 1911, after a more than eominoiily rainy ^seoiion. 'Plio day 
bc'fore I started from the railmad st Willard, 30 miles to the north, 
there was a heavy stomi> and during the drive we were snitkeil In a 
pi>uring rain. NevcrtUalftafi the nest morning the reservoir con- 
tainod no wat 4 >r and showed no sign of having Intfl more than a suioU 
pool in it the day before. In nil the region Tvitliin a score of iiiilihi of 
Oran Quivira there h only one pertnanent spring. That k lac a ted 7 
miles to the wrt*t at Moiilezuma, nnd| m might be expected, it has its 
own ancient vilhige. Strangely laiough, hoirever, the ^lonte^unm 
villagiT woa apparently abiindmied long before Gran Qinvira. This 
sugge.^is that the flilficully of raking crops was a more serious matter 
than the difficulty of obtaining water. At MoiiteKutna the land docs 
not lie so low and flat as at Gran Quivira, and is not floodetl ore 
the lowlamLs of the latter place during summeret when the rainfall is 
unusiuilly lai^e. In considi.’ruig these places the point to be borne 
in mind k thk: We have before m two theories, which stand on an 
eijual footing as to Innate probability. The only question is which 
ono bcjit lits all tlie facta. One theory k that the climate of the past 
three centuries has been unifonn, widlo the other k that the seven¬ 
teenth century was considerably mokter than the nineteenth, and 
that the eighteenth century was intermediate between the other two, 
Viewing the two iheoriesi without prejudice^ the tluHJiy of eliange 
SLHSILH to fit the facts better than the theory of unifonnity. Hence 
we mav tentatively conclude that the seventeenth century was a 
period of relative htimidityt although both the preceding andsueceed- 
log centuries tiTay havo bean coniparalively dry* 

The other two periods of relative moisture may well be dkcussed 
together. One id the mos^t itrikiiig examples of a farmer abundant 
population in a region now almost uninhabited is the Chaco Canyon 
ill the northwestern eonier of New Mexico. It lies just to the 
of tlie wooded crest which forms Iho continental di'idde in thk por¬ 
tion of the great southweatem plateau. As soon as the wooded area 
is left behind one comes out upon a barren treeless plateau at an 
elevation of 9,000 or 7,000 feetp a drear 3 ' region where one may ride 
25 miles at a streLeh witJioiii seeing a single habitation^ The only 
mhabitanla are a few nomadie Indiuns of tJie Navajo tribe and a 
handful of white sctilm. The Indians and a few of the white men 
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kwip shecpi wll^|f^ tfae rest of llie white jhed, which ixiexuis about one 
for evoTj" Lhonsand s<|uart> are traders who sup|ily tlie simple 

wantB of the Indiana^ and mcifJciUally make Itirgo profits. Herd and ^ 
there a few oerea are cultivated by the Navajos, but not one family 
m ton p<!ss<Mace tmy arable land, and even thoao who have fields by no 
meaikA get tbeh* main living or even a good sharo of it from agrieulturo- 

The most remarkable pnrtion of Lhia region is the Chaco Catiyon. 
In this siteep-sided, fiat-floored rolley there ore at the present tirno 
two Indians who are reasonably sure of a crop of com each year* 

I saw their farms^ unbelievably lircary arjistea of drifting sand in the 
bottom nf the canyon where two large bratiehes^ joiUt and where there 
is roteaeciucntly more water than anj^where else for 50 milcis. The 
sand is a neceesaary adjunct of farmmg^ for it b needed to act aa a 
mulch to preveijt the evapuration of the precious walcr, Thcoe two 
men between them bavo not more than 20 or 20 acres* if as much. 
Even their iTo^js fail completely liomctijinDte, as in 1902. During the 
hist Iti years, that is* from 1895 to li)U* according to mformatiun 
given me by a trader's wdfe who has lived there during that limo imd 
who moved away because her husband was murdcreil by the Indmiiis^ 
the crop of all the Indians except Utc two just mentioned failed 1 
absolutely in the years 1902* 1902, and I9U4, while good crops were 
mlsecl in onjj^ imi years, 1IM15 and 1908. During tlio Tcmidning 11 
years an Indiiui here and there rabed a scanty crop, but none of tlieui 
coulil gee a living were it not for their cuttle Mid homes. 

The contrast iicHR'etn the past and the present is remarkable. In 
the Chaco Canyon or on the plateau on either side of it thi;^ are 
about 20 mim of considerable size within a distance of 26 miles. 
Some of the^sie* eucli os Pueblo Bonita, Chetwdketb and others* are 
atrongly built, compact iftructures, wliicb must liave she-ltcred hun¬ 
dreds of people, and the latgcronett probably had one or two thousand 
doniams. There can scarcely have been lees than 5,000 people in the 
canyon and its vicinity, and jawhap^^ the number was mu^ targer^ 
Whether it be lOpOOO or 1,000* however, matierB little* for the main 
pomt is tJiat wc have here a wtrice of fiimngly built, fortified villager 
whose inJiabitant^^ evidently cultivated a large amount of land where 
now no cropa can l>e rafecd. Thcfie people, os appears from their 
]Jottery* their skulls, imd their tiiethock of amhitectuie, belonged to 
n avUi^aiiun different from and earlier tlian tliot of the modem 
Pueblos wiio inliabited Gran Quivira at the time of the coming of 
the Spamank. 

Yet the buiklera of the high walls which we now seo in the Chaco 
Canyon were not the original inhabitants of the country. Digging 
cluwn below their mim one fineb trac^ of an older occupation 
Moreover, the largest villages with houses of several storicfl, which are 
now^ in chief evidence, invariably He near to niftin lines of drainage 
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or to plac-^6 where it is dear that a moderate inerease in the amount 
of rainraU would cause pormaneiit streams or springs to Dow. F arther 
away on the top of the plateau, liowever, far from the hiigcr mins 
and'remote from any except email vaDeys, numeroua mins of an¬ 
other, more priniitiTo type are found. They are UGutdly small, and 
ora greatly mined, and seetn to belong to a tunc long anterior to the 
imtin large ruins. 

One of the best places for the study of this older tjT>o of mins bin 
the Pajaritan Plateau, 20 or 30 rmJes northwest td Santa Fe, tho 
capital of Xow Mexico, i was taken to tlds region by ilr. Kenneth 
if. Chapman, curator and artist of tho Archeological Musomn of 
Kow Mexico. Tito plateau is a boauliful district covorctl with 
hirests of junipnr and pilton, which at higher altitudes pjTo place to 
stately yoUow pines aet in opeat order with stretches of sparse grass 
between them. In spito of the deep soil, tin' gross, and ihe trees, 
wo so-w no dgn of habitation, for except In a few* inaignidcant spots 
in tho bottoms of the canyons where irrigation b possible, all the 
groat plateau is too dry for any cultiTatitm bdow a level of about 
8,(1(10 feet. Soon after reaching the main top of tho pinioau wo came 
upon tho first of tho great numbor of mins which are wattomwl in 
evorj' port of tho plateau. These particular ones were cliff dweUmgs 
of the iwuol type, cji.V (9 dug in tho soft volcanic rock of the aide of a 
sh&Uow canyon, and fTonted by rooms nuide of blocks of the some 
soft tufa. Tho mimher of such caves and cliff dwellings is liinridly 
thousands in tins one Pajaritan Plateau. TflTuh them are associated 
the ruins of villages like those of tho Chaco Canj'on, lifter crossing 
several minor canyons, we found ourselves at the cilgo of tlio deep 
Canyon do Los FVijolea, or Bean Canyon, where a precipitous cliif 
fell away 400 foot or more at our feet- Unhitching the horses wo 
left tho w'agon on the plateau, and turned the animais down a steep 
winding trail, blasted in part from the face of the solid rock. 'Ws 
had not folloived them far whon T uttered an mvoluntaiy exclama¬ 
tion of delight. 1 know* that wo were to vidt one of the most imunsst- 
ing ruins of Now Mexico, but I had no idea of finding it in so pictu- 
resque a canyon. 1 had still less expoctation of suddenly scoing far 
below* us on a small level space at the baso of tho precipice a stmeturo 
wliich at first sight suggested a Greek amphitheater. It was the 
vDlage of Tuyoni, excavated by tho School of American Archeology 
at Santa Fo m tho four seasons from 1908 to 1911. Tlio plan of tho 
ruins is symmetrical, a drcle slightly fiattoued on the north side, and 
containing from five to eight tiers of rooms rurangod like tho scats 
of a theater. Across the fattened ond whero the siago w'ould be 
expected a lino of rooms cotitaiiis tho remnants of throe circular 
chambers or **kivas," designed for religious purposes, apparently 
analogous to tho larger circular or elliptical structures which are 
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found HO coTEunonIj' Among tlio mins of adobo nnd la'iittlo viUugcs in 
tho SfttilA CruK Vailoy and other W'lfiona forthi'r BOiitU, 

The Canyon do Los Prijoies contains not only tho niflin niinod , 
viUogo of Tuyoni and sororiil smaUcr but also a groat niitnbor of 
CttT{« and cliff dwoUings. Doubtless the cav® ^voro at first tho chief 
homes of tho aborigines; but os tmio wont on and a Jiighor stage of 
ciTilutation wjia reuchcid, the excavations wore used. chicJly as store- 
rooms, and the main lUo of tho households was conducted in rooms 
of stono pIsBtercKi witli mud. Often a house consisted of throe liora 
of rooms In front of a cave; and in many rases tho moms wore buiit 
ono on top of another to a height of three storica. Host fd the 
rooms, like those nf all the primitivo people of the Southwest, as well 
as tho modem puoblog, were ontored through the roof. The small 
eko of the rooms, not over fl feet by 10 foot on an avetago, is sur¬ 
prising. Tho reason, howovor, seems clear. On the h^h Pajaritan 
Plateau the temperature often falls to 10* below Koro F, Tho relar 
lively dense population must quickly have used up oil tho available 
tlwid firewood for many miles around, and it was no easy task for a 
primitive people unsupplied with iron tools to cut firowood sufficient 
for anything more than the noceesitios of cooking. Farther south, 
or at lower ajtitudos, the rooms were larger, for there it was onay 
to keep warm. Tho low tomperaturo does not appear to have dimin- 
Idieil tho number of hihabitanta. Frijolos Canyon aloao within a 
distanctf of not ovea* a mile and a half up and down tho narrow gorge, 
had a population of fuUy 2,000 souls, acconling to tho estimates of 
Dr. Edgar L. llewett, director of tho &houl of Amorican'Arohoology, 
who was personally in charge of tho oxcavAtions. The actual munljer 
of rooms, including tho vihago amphitheator, tho caves, and the cliff 
dwellings, appears to have amountod to about 3,000. At the prosnnt 
time, acconling to Judge Abbot, who owns all tho volley except the 
ruins, tho amount of land that can he irrigated amounts to 21 jutcs, 
iianifestly the ancient Fajaritans climbed out of the canyon to their 
daily work, and cultivated tho plateau where now not a solitary 
person can make a living from the frttita of tho earth. 

This leads u? to a consideration of the older and more widely 
scattered oeeupation of the country. During our drive tii FYiJoles 
Canyon we watched carefully not only for envo dwellings and villages 
of the Tuyoni type, but for the location of little mounds wbit'h hero 
and there at a distance from the main sources of -water proolnim the 
l{>cation of houses s^-atterMl all over the plateau. One who is not 
closely on the watch may miss these entirely, for they are merely 
small heaps of stones. In the space of 7 miles we saw houses of this 
type within sight of the road in different places. Inasmuch as 
several houses were often elustored in one group, the total number of 
dwellings was b?. They were obriously more farmhunses, but some 
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hul from 8 (o 2D rooms, ftod must have been inbabited by more t-lmn 
one family. Therefore in our 7-milo drive through the open, park- 
like forest TTO must have found v-dthin eight of the road the dwoUinga 
of appmidmotely a Imndred foniilics. It v,oulJ ho a jmpulnus 
farming district in anv part of England where one could find a hundred 
families on 7 miles of road. We can not, of eoursc, assume that aba^ 
luteh' every one of these houses was occupied at one time, hut it is 
not at all probable that any largo number were vacant at a tiwo when 
now ones were being built. Well-stiuared blocks of stone muat in 
those dava have been too valuable to permit of their being wasted 
when new houses worn to be built. Even in those days when metal 
tools and explosives make it easy to quarry new stone, and when the 
popuktinii is murh ksss dense than formerly, tho groat ruius of 
antiquilv in western j\sia art* in constant danger of Iieing utterly 
dcslroywl by the natives, who cany away the stone for uso in new 
houses. In’tho days of tho Pajarilans, when the blocks of stone had 
to be hewn ivilh stone axes and carried from the quarries in tlio 
canyons* on the bacfc» of men, or rather of women, we can scarcely 
believe that tho people were so extraordinarily industrious or so 
superst itious that they would leave good stones tn ruins closo at luiud 
and go to tho labor of dressing new ones. Tbiwforo wo beUevo that 
at the height of the prosperity of this region fcha rito of practically 
©verv min was occupied by an inhabited farmhouse. 

These scatteretl littlo mins, almost unnoticed oven by the arche* 
ologfet, present one of the most interesting problems in American 
archeology. The potshoreb found in them are of a different 
from thoM found in the laiger lillages or in the majority of tho oUlf 
dwelUngs immediately around them. The pottery of the fam^, as 
!ilr. Chapman pointa out, is almost wholly a fine-grained u-arB painted 
white and adorned with geometrical designs in black, in the larger, 
more modem ruins, however, only a little of this is found, while iho 
commonest kinds are a coarser white wore with more abmwlant curi'es 
in the designs, and a wholly different typo of red ware adorned with 
black figures painted with a (qiecics of glaze. These differences, 
coupled ivith other ervidence such as tho manifiwtly greeter ago of 
the small isolated mins, show that here, even more plainly than in 
the Chaco region, we have to do witl) two occupations as distinct 
from one another and from the later end far It&J extensive Pueblo 
occupation of the comitiy as arc the modern American and Spanish 
occupations. The font inhabitants spread far more widely than 
their auccessots. They seem to have felt no need of being near tho 
main sources of water nor yet of gathering together aa the later 
people lUd in places which could oaaily be defended. For a long 
period before the advent of the enemy, which finally displaced them, 
their lives wore free and comfortable in their high forest homes. 
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n^iw nr why they Tniiidheil k unknowri to us as k their origin^ but 
pen-biitice ve sihall leam the stoiy little by little. It will s^ot b« a 
Btory uf j>!?see nnd moiiiotony, fur thoso aro not the conditions wliich 
prevail whcu a race romes into iv rountrY^ nur when it k forced out. 
Wo can scarcely doubl that stirring timea took plnce—^raids^ plunder, 
repruted invn-sioos^ preut dkr.rpss, and tlio Hnal dkappciimnco nf one 
type of rhilkttiion ufiJ its replacoment by another. H.\nd tlik painful 
process of ii change of civiliKadon took plaoe not once alone* but at 
least twice Formerly the cliti dwellers w^ho built the compact 
villagcH like T^iyont and Pueblo Alto were supposetl Uy have been of 
the same race as the modern Pueblo Iiidmns* but now we know that 
this k not true. Possibly, nay probably, the modem Pueblo k 
related to the f^econd or vUlage-buililifig type of andont inhabitanta, 
whom w'e may coll PajaritiLUS m distinction from the still older irpe 
who may, perhaps, be classed m llohokanip but the rrlationship is 
uoL close. The boous of the dead, exliuimxl after centuries, tell 
something of the tale. Thii modern Pueblo Indian k brachycephoiic* 
according to Dr, Hrdli^ka; hk head k relatively broad, as' anyone 
can tell by looking at him. Somcp boivever, are dcdicocephnlic, with 
long heads, i>ijt these ore in a minority. The prusaiit Indians ora 
dearly of a mberd race. Their pmlcc^essors, on tbo contrary, were 
of n pure race, predominantly long-beaded, like ourselves, Therefore 
w’e mfer that they were conquered by uivnding broadheads, end that 
flually the invading broad beads and as many of the longheads os 
hfid neither fled nor perkhed became amalgamated into a single raejj. 
Perhaps the audent formera, the mefUeval villagchi, and the modem 
Pueblo Indlians were not the only races which have passed across 
tho stage of hkton' in the prdikioric daya of America. In other 
porta of the Southwus+t faint glbnnieringa are seen of atiU other ^■tlI- 
tiircs, which show that ebaugr and movemaiit liavo been as chartto- 
teristic of the ondent hktory of ^Vmerica as of that of Europe and 
Asia. 

The dates of tho three types of civilization of which we have found 
evidence can not well be detefmlQi?d. Dr* Hewett believe that r.he 
traditions of the Puobloa may be relied upon as showing that it is at 
least 800 years smec* the rillftgi;^ of tho i\iyani t^vpe were ocGUpied, 
but ha attempts to assign 110 exact ciates. One point, however, mav 
here be emphasized. In Asia, as 1 have shown m **'^rha Puke of 
and more fully in **Palestine and its Transformation/^ wo 
have cvideiire which suggesia that each of the chief dry epochs hg j ^ 
been characterized by great movements of peoples. Tlie first such 
movement whose date k well defined was about 1200 B. C. At that 
tune the ancestorfi of the Greeks came into their peninsula* the 
Hebrews entered PaJciitinc* the Amnneane from ALrabia spread out 
into Babylonia and all the neighboring lands* and Egypt was over- 
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whelmed by mvadcra from both the Libyan Riid Ariibian, deserts. 
Tlio ne:Kt great period of iiridity culminat^ in the seTcnth century 
or thoreahouts. Its approach was marked by the barharian invasiona 
*of EurDpCi and its cidmination by the ^rohammedau outpouring 
intm Arabia. FinalJy, the third of the more important dry epochs 
reached climax in the tldrteenth century A, P.j when the hordes 
of Ghongbia Khan ravaged Aaia from China to the Mediterranean. 
Besidea these more hiteuse periods of aridity Uiere acem to have been 
otliei>i of minor importance, but theae need not here bo considered. 
The history of Jism during the Ifkst 3,000 yeaiB thus consists of three 
main epoch# of moist dimate and adTancmg civilkation, separated 
by epochs of aridity and dedining civilization accompfuiied by 
migrations and warn. In comparing America with Asia it is interest¬ 
ing to find that hi the drier portions of tlie Wt?stem Hemkphere wo 
al^ have three main periods of prosperity and apparently of abundant 
jjrccipit^tioji Hcparnled by eiwchs of decline and depopulation. 
Perhaps the tincioiit farming ]iopulation of America, the Hohokam, 
may dale from the period of moist climatic conditions at the time of 
Christ and earlier. Their disappearance may have been due to the 
aridity of tlie period which culminated in the sevcntli or eighth cen¬ 
tury. Then the \iUagc jicople, the Fajnritaiis, may have flouriabed 
in the Middle Agesj ami may have li€?cn ousted by'the twofold disaster 
of prolonged drought aiid fierce inra-Hion which would have come to 
America about }2O0 A. D. if condition# here were like those of Asm. 
Audi finaJKv the occupation of place# like Gmn Quivirs hy the modern 
Pueblo Indians may have been made poeslblo by the propitious con-^ 
ditioiLs of relatively abundant ridtifall which followed the aridity of 
tho thirteenth century* 1 do not advance this as more than a working 
hypothesis, but os such it may suggest various lines of research 
hitirerto neglected. 

PART IIL TE^ E\7DENTE OF THE TREES. 

The evidence of climatic changes thus far presented prohablyaeettifl 
much more conclusive to the writer than to the reailer. I am well 
aware that when the name of an author onco becomes idcntiEed witli 
a theory his fellow workers ore apt to discount his results. ‘They 
know that a man is prone to had what ho looks for, and that ivhen 
certain facts are capable of two or more equally plausible cxplaiiatbna 
he is likely to chooae in acoordance with hia preconceived ideas rather 
than according to the weight of the evidence. In searching for some 
method whereby this danger might bo avoided I found no succe## 
until an article by Prof. A. E. Bouglass, of tho University of ArUoua, 
appeared in tho Montlily Weather Eeview for Jnno, 190&| under the 
title ^'Weather Cydes in the Growth of Big Trees.” 
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Piv^f. BougUfiFt thcrti shows that in dry r^ans the thicJmE^ of the 
rin|p of woim! fottii^^c! eAch yt'ar varieR so closely in imnnony with 
climatic conditions that it may used as a measure of the climate nf ^ 
the past. Taking about 20 sections of treea fmm two to five himrlired 
years of agO| he made micrometer readings of the thicknr^ of emeh 
hulmdual ring, and thus obtained tho average growth for each yc^ir. 
As a result, he findA that tbo curves of growth and of rainfall for the 
40 yearn or so amee reconii aro arailable present a marked agreement;. 
ifanif^Uyj then, the curves of growth may be tiseil aa a means of 
detenmning the rainfall in periods long antecedent to any humaD 
records* Douglaitei; has so used them^ and hk analysis indicatei 
cycles of preeipiiatioiL with ii periodicity of 11, 2K2, and 32.8 years, 
a result which agrer« with the cydea indicated by records of ruW^all- 
He did not attempt to investigate larger cydea, nor to determine 
the ndatiau of the climate of pci-iofls separated by hundreds of years- 
Obviously this is possible^ and it needs only an expansion of Dougla^^s 
method and a study of the sources of possible error to enable us to 
come to definite conchisioim ti> the nature of the climate at any 
time back to the youth of the oldest available trecfi. 

During tile year 1011 I bt-gan to make use of the method of TtoL 
Dougla^iB zmd obtained aoma must intercKting reeulta. In the first 
place, Prof. H. S. Graves, Pointer of the United States Forest 
SemcOj most courteously placed at my disposal several thousand 
analyses/* or meaeuremente of the rings of trei:^ by the members 
of hk bureau m various parts of the United Stat<®* In the second 
place, 1 went to California on behalf of the Camegic Institution, and 
with several assistants made similar analpes of 451 of the "^Big 
Trees*' or StquMa w{t^kin^mian<i of the Sierra Jfpvadas. 

I^t us first ascoftain W'hat may bo learned from a study of tho 
trees of New Mexico which grow in Uio mountains close to ^6 nilns 
which wo havo hitherto been considering* Tiie courtesies of tlie 
Forest Service have Included not only the placing of a largo number 
of atiimp analyses in my handfi by the chief of the bureau, but also 
some mo-^t helpful compUaiioim by otl^cr members of the service. I 
am <^pedally indebtod to Mr* A. B. Recknagel, cliiof of adviculture 
at Albuquerque, N. Mex-t who has gathered a mc^t valuable series 
of etatkticA for the j^ellow pin^ of that State, and has nioal gener¬ 
ously allowed me to use them. Hk data are based cm 645 treea fmm 
four of the Umt4d States forest reserviMt, scattered in such a way 
that they have approximately the aaioe disiribution as the ruins 
with w'hich we have been defiling. In general, however, they lie at 
greater altitudes than the ruins, in the portion of the ycBow^ine 
ai*eH where the trees grow best and where they are neither at tho 
lower limit so as to be especially liable to injury by drought nor at 
tho upper Urmt so as to be estpeciaUy liable to injury by excesisively 
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low tempcr&tiirD or long Moreover, they wore not goloctod 

with ft view to any spocia] ohftrftcterbtic other tliaii ago* All tlio 
^available analpes of trees over 200 yean; of ago were used, and to 
tliflin were mideii an approximately equal number of younger trees 
in order to afford fair comparisons. 

From ilr. Ilecknagers iigiires 1 have oompiitcil how fast the aver¬ 
age tree grows duririg the first, second ^ and tliird deeade, and so on 
to the end. This showa that the avorago tree grows 0.4fi inch during 
tJie firsl decade of its hfe, 0.63 during the third, n,40 in the twelfth, 
and only 0/23 in tho thirtieth. Obviouslyj if we are to compare the 
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diniftte of di^ercut periods during the life of the tree, we must elim* 
inete tho differeneea due merely to the fact that the tree has grown 
older. Another correction must olsi? be applied. A study of Mr. 
Kccknagel's hguree, as well iis of many others, shows clearly that If 
a tree is to live to old age, il can not grow fast in its youth. That is^ 
if we take a Intge number of trees so as to obtain nvorages, tho tree 
which grows foster than the normal rate in its youth dies at lees 
than the average ago, while one which grows abnormally sJowiy 
stands a good chance of liviiig to on exceptional age, provided tho 
slow growth is not duo to disease. These two types of corrcctioa 
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ar 0 piifely matlipmaticftl, and do not depend upon tho individnal 
judgment of the investigator* While ho is working out the calcula¬ 
tions he con not have any idea of the exact risulta which will lie ^ 
obtained; nor can he make the fit one theory rather Quin 

another except by ’wdllful manipulation. 

The aceompimyingdiagrfttn^ figure I (p. 407),allows the results of Mr. 
Kccknagers tree analt-ees whon computed according to tho niothod 
here deecnbed. The horizontal indicot# the counw of time 
from 1590 to 1910 A, D. The height of the curves indicates tho 
relative rate of growUi of the trees at. any particular date. Figure i 
is given simply as an example to show the olfect of the corrections. 
It i$ based upon tho 50 oldest trees, which began growth at periods 
rongiag from 1400 to 1590 A. D. Tho upper doited lino indicates 
the actual average rate of growth of these 50 trees without any cor- 
reetion whatever. The lower dash liue is iho aamo cuiwe after the 
correctimi for ago has been applied—that is, after allowance lias Imkui 
made for the fact tliat young trees grow faster than old. The aolid 
lino ahows what happens to tho curve whan tho correction for lon¬ 
gevity 15 added to that for ego—that is, w^hen allowance is aL^o mado 
for tho fact that during their youth trees which »ire to live to a groat, 
ago regularly grow more slowly than tho normal rate- 

7’timing nrjw to the interpretation of tho New ilexifan curve, we 
find a surprisingly close agreement with our conclusions based on the 
evidence of terraces ^ archeology, and history. Before goiug on to 
discuss the matter 1 would emphasize the fact that these conchiaiona 
were all reached before the treea had tHsen inYesiigated. Thrv have 
been set down above exactly as they were reached, at a perLod of 
from 15 to 5 montha before any examination of the trees was made. 
Tho importance of^ this lies in the fact that the agreement of tho 
mathcnmticaily derived tree curves with the conclumona derived from 
entirely different methods furnishes the strongest possible confirma¬ 
tion of the accuracy of those methods os em.ployed both in America, 
Asia^ and southern Europe. From the ruins of Gran Quivira,^ it will 
be remembered, we concluded that at tho time of tha Spanish occu¬ 
pation^ of New Mexico in tho first half of the sevontoenth century 
climatic conditions were distinctly more favorable than at present. 
About 1080 the nima of Gran Quivira aoem to have been finally 
abandunod at the tune of the Pueblo rebellion. During the succeed- 
mg ccutury conditions appear to have been somewhat better than 
during tie one that ended in 1900, as appears probable from the ruins 
of Buzanin and one or two other places not here mentioned. The 
cur^^e of the trees points to exactly the same ooncluskuu One reason 
why the Spaniards were able to establish themselves in Kew ilexioo 
almost without a blow may have been that inirm 1600 to 1645 the 
ttmount of rain and the genera! conditions controlling the gri>wth of 


STitlfviDfiian. I^U 


t^uTE 9h 



1^ Y&UNQ and MlDDL£-AGe& SPECIME^JS OF SeQUOiA WASKIkOTON|ANA_ 



2. A Stomp OF Seeum a Washingtonian a. 


A tm fwstti ihl» 

t kiraivu in iod i* 


twv, iu Ikiif Ah3^>iictui ,VuiciAnigf hS^EhihJ llL*nif7 m >%»w YijrS 
















IflS? ■—Hiinllflftliw. 


Plate lO^ 



A SEqiHJiA WASHFivaroMrANA, 2,500 Year Old, 










CO mate OV MOHTH A^&tCA—Htf^TlNGTO^. 4 09 

vbg¥^tutiiMi wero tuid niore ftnror^blf!. PIac<%s liko Ciriiu Quivim 
worf ivadiJy Imbit nblo aiid gfiowiiigly prospcruiiij so fur ms tiieir 

proisfK^rity depended upon good crops. UDder eucli circnmatiincea 
iho ignorant Pueblos would rifttnmlly look upon the coimi^ of the 
Spankrds aa a blessing. A decrenso in ntlnfuJi begins to be apparent 
alx>ut lb-45, but it is unimportant at first because the amount itt 
grow lb of the trees, and implirdly of tlie crops, continuea to be well 
abuTo the norma! until about 1665. Thentiiftor a rapid deterioration 
takea‘ placer, ^whiob culminates about 16S0 or soon after. At that 
very time a witU^prpad uprising t(U)k place against the Spankrtls, the 
Pueblo rebellion, which oustcil tlte Europeans for same yeara. Fam¬ 
ine must have prevailed as the climate became drier, and tlie distress 
occasioned would alim.jst surely lead the Indians to ascribe their mis¬ 
fortunes fo their conquerors. Curiously enough a document Las just 
come to light; which coniirms our eotielusion oa to Famine. I am 
indebted to ilr* E, E. Free, of the Bureau of Soils of the United State?^ 
Department ijf Agriculture, for calling my attention to an account of 
an old census given by Mr. J. W. Curd, in the El Paso TitneSi El 
Paso, although in Texas. Ut^a almost at the middle of the southern 
boundary of New Mexico. The census b dale<l September 11, 16S4, 
and contdln^i a Ust of lOU Spanbh familii'^ living near El Paso, It is 
sigiutil by the SpanbU governor. While the document m nothing 
more tbiui a dry and uninteresting census roll;'^ to quote Mr. Curd, 
‘'it b Hluminatxve of the terrible devostHtion and sudering that re¬ 
sulted from the Indian revolt m 1680. ^'hia revolt desLitjyed some 42 
prt^idioA^and missions in Now Mexi(%> norlh of El Paso, and the rem¬ 
nant of Spaniards and friendly Indiajxa look refuge in Guadalupe del 
Passo (El Paso). Wiile the ilission Guadalupe was a rich one, and 
additional supplies were forwarded from Mexico City, the people still 
suffered from lack of clothuig and food. The cejjauis Riioxvs that what 
cro|Jii were plan toil that year consisted *mly of maize, whickp owing to 
tlrought, w^os oji almost total failure. Wliat maize was gtuxvn waa 
eaten green, ao there was no supply for winter/^ Tt b not hero pos¬ 
sible to carry the matter further* The curve speaks fur ibielF^ After 
16S0 conditions appear to have irnprovcti; the eighteenth century was 
a period of lefts rainfall thm during the time of the early Spanbh 
occupation, but of moro tlian the lost ccntun% 

The Sfquom washin^leyniana of Culifomia k the kq^t and proba¬ 
bly the oldeftt known troei During the summer of 1911 I was able to 
make rneasurementa of 2U0 stumps * which ranged from 6 to 25 feet m 
diameter, and from 250 to 3,160 years in age. Three w^cro over 3,000 
Ycaraoldp and 40 began to grow 2,000 or more ycora ago. During 
1912,251 more w'ere measured, 39 being over 2,000 years of The 

result of the tabulation and calculation of these 45 1 trees is shown 
ii^ figure 2 in tbk article. The sequoia grows in a region which u 
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climatkiilly suiular to Now Moxico^ that it is colder anti lias no 

reiiny stmon m summer, lA^ug, snowy win tom mid mins continumg 
well into the ilry summer (lto the conditions which, favor growth* ^ 
Tfie ciiTTO of tiio sequoia has been esomputed in the same way as that 
of the other trnes. The period coveird by the growth of tho trees^ 
howeverj hm grflat that the number of Irec^ whoso analms um now 
available is not enough to give certaiuty to tbo correctlom. Accord- 
icgly, after obtaining a curve corrected as accurately as possible t>iitb 
for ago and longevityp 1 have tilted the wholo line slightly in order 
to malce tha relative height at three or four fixed points correspond 
aa nearly as may be with the height of the Caspian Sea at the game 
date^. This, however^ has no effect upon tho sinuosities of tbo curve, 
but merely upon the exact aniouut by whldi the efirlior parts are 
higher than tho later* Before we proceed to discuss tho cuiwo a word 
or two of explanatjon may 1>a added. The horizontal lines indicato 
the growth in miiiimetcrB per decade* Tho oxtremo Suctuations of 
the early pttri of the curvo give an exaggeratetl idea of the variability 
of the climate at that time. This is due to tlie small number of trees 
available. When more have been measured the extromely sharp char¬ 
acter of the dephi^iom and hollows, or of the argi'S md theses, as 1 
have ekewrhere called tliem, will dkappear. 

Examination c>f the curve rfiows that the cUmate of the interior of 
t'alifnrnia has boon subject to marked jJulsaiiDiia during the past 
3,000 years. For instance, at the time of ( hrist the tree grew' 30 
per cent faster than at the end of the fifteenth century. Practically 
all the trees at the latter date were of large size with thoroughly 
developed root systems, and wdtii ii vast supplj* of strength stored up 
from the ]ifisL Morisover, they were gmwdtig high among lIic moun^ 
talus where the sup]sly of ruin and snow wiis lergesi, and many of 
them ivero standing in swamps or beside brooks. If they could be so 
affected by drought as to ahow a decrease of 30 per cent in the amount 
of gr<iwih, utlier It^ss favored plants must have suffered much worae* 
It is noticeable tliat in general tho trees recover rapidly after a period 
of aridity and then fall off more slow ly as another dry time n]iproajcdies. 
This is important as an indicaticin that climatic changes from dry to 
nioL^t take place rapidly, w'hilo those in the reverse direction are slow. 

X L beam j on another poinL It may be auggeated that the in equ ali- 
ties in the etirvo are duo to accidents such aa fires* In the first place, 
this Ls not prfpbahic, aince the 451 trees were located in four dltferent 
areas writh a distance of fSfl miles belsveen tho extremes and with high 
mDuntuin.H and deep vaUcys intervening. The rapid rise and gradual 
fall of tliO curves, however, disproves any such supposition. An acci¬ 
dent, such aa a fire or anything else, w ould suddenly cause the trees to 
grow slowly, after which they w'uuld gradually recover, whereas the 
actual case is the reverse of this. 
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figure 2 I have nd(li>cl a dotted 
line. Tim b ilie appruximAte curve 
of dimatic puknUunis in m given 

in “Palestine and its Trans/orma- 
tion/' Tlve two curves disagree in 
certain ])lnces, but on tiio whole they 
arc in harmony. The dkagriH^tnetils 
may bn due to the absence uf data in 
ct>mpilmg the Aaialie curve j for in- 
Btonce, between 1200 and lOOO B.C^ 
1 had no data whateverj and lienee 
merely drew a st raighl line. In other 
coses the fact that indicntious uf arid¬ 
ity happened to he nspceinlly wellpre- 
served at a certain tiino, such as the 
sevelitli century of our cm, may have 
caused mo to cany the jVsiatic eurvo 
lower than was justiCabh's. It should 
be noted, howovor, tliat in the fully 
corrected sequoia curve the lowest 
point of all in the seventh century 
A, D. fails at the same time as the 
lO'Wesl point in the Asiatic curve, a 
significant agreement. Moreover, 
the longest almost contmuoiifl decline 
anyu herc apparent in theCaliforaia 
curve isfroin tho time of Christ to Uie 
middle o f tJio sevent h tontiiry, Tlie 
greatest disagreement between the 
two curves is found about 300 A. D. 
TVhother tltero act u ally was disogree- 
mont at that time, or whether I have 
made a mistake in iho Asiatic curve, 
T shall not here attempt to discuss. 
In general it may be said that the 
Uuee iiuticeahle depre^ions in ilio 
Asiatic curve, namely, 300, OiiO, and 
1200 A. 1^1, are possibly all exagger¬ 
ated becauso special events due ap- 
])ari<ntly to increasing aridity hap¬ 
pened to cuhiiiriato at those particu¬ 
lar epochs. 

In Bpiio of certain dL^tmct disa- 
greomonts, the most noticoahle fact 
about the curves ia their ogroe- 
Take the epoch centering 
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the time of itrist, for example, or those which ocoter 1000 or 
1600 A* D. The ngrocment b so close that it can scarcely he a 
matter of chance. Further dbeussion of the subject must bo deferred 
for the present. We can. hero merely sum up ^o main cojiclitaiona. ' . 
The study of the trees of Now Mc-xico and California in the first place 
seems to confirm tho conclusions derived from the ruins and phyal- 
ographic evidences found in the diior parts of North Aniorica. 

It thus shows dmi Um methods upon which those concli^ons are 
based are sound, and that the results derived from such methods 
whether in .<Vmeiica or Asia are valid. In the second place, the trees 
eenfirm the theory of pulsatory climatio changes. They apparentljr 
show that the afimate of tlio earth is subject to pulsations having a 
period of centuries. In the third place, tlie rate of growth of the trees 
indicates that in the distant historic post the moist epochs wore on 
the whole moistor ilian the similar . epochs in more recant times. 
Fourth and last, we are lad to conclude that the main climatic 
change's of America ace synchronous with those of Asia and are of 
the same kind. This does not mean that changes in tropical ebuntrios 
are like those in the Temperate Zone, It do^ indicate, however, 
that in the tenpemto continental regions of tho world, in both tlie 
casteni and western hemispheres, periods of exceptionsl aridity 
or of exceptional moisture have occurred at approximately tiro 
same time, and have sometimes lasted for centuries. If i liter to tins 
point has been open to question, and therefore historians and oilier 
students of man have been skeptical as to the possibility that climatic 
changes could have been of euiEcient importance profoundly to 
infiuence liistory. Wltit the fuller application of the methods here 
discusser], wo shall soon be able to determine tho exact nature and 
degree of climatic changes throughout historic time, and then we 
shall have tho basis for a true appreciation of their clloct upon history. 


THE SURVIVAL- OF ORGAKS AXT> THE '^CULTURE^* OF 

LIVING TISSUES.* 


By Lroe^dhEp 

Prtpat0ior cf dtuticnal Mumim nif Natural Hufar^t Pofii* 


[With 4 

Thc: NoIh*! prizo ill medicine fiir lftl2 has just bem a’^-arjcd to 
Dr, AJexiia Caireli a Frcnchmim, of Lyon, now employed, at the 
Rockefeller Institute of New York, for hii entire work relating to 
the suture of vessels and the transplant at ion of organs. 

Tlie remarkable resnlta obtained in these £elds by Tariona experi* 
menterg, of whom Carrel is most wdely knowTit and also the wonderful 
applications msde of them by certain surgeons have already been 
published in La Nature (No. I960, Jau. 2S, 1911)* 

We will not repeat wlmfc has been said coiicembig lh<^ researches, 
but we will take the occasion of the awarding of the Nobel prize to 
ruentiim other biolu^cal atudii^s in whicli Dr, C'arrel lias been 
engagetl. 

Tlio journals have frequently spoken lately of of 

tissues detached from tlie orgaiiisnL to wliich they belonged; and 
some of them, exaggerating the results already obtained, Imve 
stated that it is now possible to make Eving tissues grow and increase 
when so detached. 

Flaving given these Bubjects much study I wish to stato here 
what has alrt^ady been done and what we may hope to accomplish. 

As a matter of fact wo do not yet know how to construct Eving 
cells; the forms obulned with mineral ^ubstancea by Errera, Ste- 
phajie Led tic, and others, have only a remoto reaemblancc to those 
of life; neither do we know how to prevent death; but yet it is 
interesting to know that it is possible to prolong for aome time iho 
Efo of organs, tissues, and cells after they have been removed from 
the organism. 

The idea of preserving the life of greater or lesser parts of m 
oig&nism oocurred at about the same time to a number of peisons, 

I Ti&tulfttfa bj pMinlaako NiUnn, rarti, »58, JfoT. 3* im 
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and iliougli the ends in view Imve been quito difTeirent the ihYesti* 
gatbns have led to eaaentiiklly aimiliir results. The sufEixms, who 
for a liing timo have tranBplaiited raiious orgam and griif ted different 
tissues, bits of sJdn anioiig others^ have sought Ui pndoiig the period 
during which the grafts maj be preserved alive from the tiine they 
are taken frotii the parent intlividuid until they air* implanted either 

upon the same subject or upon 
another^ The phjrslologist# hkve 
attompted to isolate eertam oi^ans 
and pn-derve them alive for some 
tide in order to simplify their ex¬ 
periments by suppressing the Com¬ 
plex action of the nervous 
and of ghmdM which often render 
dilFicult a proper interpretation of 
the experiments* The cytologista 
have tried to pre^rvo cells alive 
outside the organism m more sim¬ 
ple and well iledned conrlitioiiii. 
These vari<»us efforts have already 
given^ as we shall see^ very excels 
lent riTsults l><jlh as regards the the¬ 
oretical knowiedge of vital phenom¬ 
ena aiid for the practice of eurgery. 
It has been pjssible to preserve 
for more or less time many (organs 
in a Irving condition when detached 
from the organism. The organ first 
tried and which has been most fre¬ 
quently and completely investi¬ 
gated is the heart.. This is because 
of its resistance to any arrest of the 
circulation and aku because its sur- 
byit.™toc- 

K Pf Tgia rcnnUnhn dedciriEiaiunJ tility. In znau tliC heart haa been 

■r*!““»>- 

tki£ ffldiaF m. j ranuifii upga ui plotelv 25 muiutcs aftof ft legal dc- 
to,. wito . fl«t to. capitation ai^'iiardand Loyp, ISST), 

Aiid by Aossagt? of tbe organ ita boat¬ 
ing may bo restored after it has boon arrested for 40 minutes (Hebn, 
190U). Tbo heart of the dog has been known to beat 9$ hours after 
death, that of the tortoise for g days^ and Burrow's (1011) observed 
the heart of an embryo chick to beat for 3 days after its removal. 

By irngation of the heart and espodahy of ita coronary veasols 
the period of sm^dral may be much pruloi^ged. 
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The first DxpprunotiLa mill arliGcia.! circulation in iho isolated 
heiot wcfft imde in Ludwig's Iflboratory and wero improvcil hy 
Kroneckcr (fig. 1), but they Mrere fimited to the frog jind the inferior 
^ vertebrates. The obaervation nuode hy jlrnaud (IS9I) of the heart 
of the rabbity that of Ilcdon wid Gilis (1S&3) on the heart of a 
ciiminal showed that diat organ 3 reconintences to beat when defibti- 
nated blood is iD^ected under pressure into the coronary firtoriesj 
and tliis led Langtmtlnrff (1895) to effect the survival of the heart 
of manmiuls by means of artificial coTonary circulation^ l»«ike 
(IDOl) substituted for deiibriimted blood an artificial serum without 
globules. Since tben eN]M>mue]its on the survival of the heart 



ym, tu ^ tat Uui smar of the nuvlvij 1:^1 IAp bolsbAl hawi muat^a^R. msw 

VOlf of tteiJW fiWUJir^ s, nEVT bulil B WIMtflHt leiH|WlnitEFr*; A^SpifKuUtm ^ 

th* tnuporatui^: T^Mp thomuliafftiTr 4U3il mdmsB^Uif fof tho intiaiE al tti oficmicv Uvtn Chfi kukM 
hmit C; At ihs Ml iL^lkukr Cor iba of Uw haarU 

Lave multiplied end bccumo classic. ArtiJicuil circuletian has kept 
tlip heut of man cantractmg normally for 20 hours (Kulinbko^ 
1902), tluit of the monkey for 54 hours (Flcting, 1003), that of the 
rabbit for 5 days (.Kuliabko, 1902), etc. It has also enabled us to 
study the influence upon the heart of physical factors, such as tem¬ 
perature, isotonis; chenxical factors, such as various salts and the 
dilTerent ions; and even complex pharmaceutical products. KuU- 
abko (1002) svus CTcn able to note contracLiuns in the heart of a 
rabbit that had been kepi in coUl storage for 18 hours, and in the 
heart of a cat similarly kept after 24 hours. 

The otlier muscular organs have naturally been investigated in 
a manner analogous to that wlticli has been used for the heart; 
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fold for thf> sd.mc rtra^rjn, it c^i b*^ nt^iidilir i**’*'^! whf'Slipr or 

not they arc alive. 

The striated, muscles survive for quite a long time after removal ^ 
eapcciallv if they are preserved at the temperature of the iKidy 
and care is taken in proTent thoir drying. By this method many 
iiiTestigatioii$ have been made O'f muscular coriitractions m isolated 
muscled. Laiuloia ho-s noted that the muscles of man may he made 
to conlracL two hours and a half after Tt'inovalp thise of the frog 
and the tortoise 10 days nfler. Recently Burrows (1911) has noted 
a s%ht increase in the myotomes of the embryo chick after they 
have been kept for 2 to 6 days in CfiagulatcJ plasma. 

Tho orgajifl aupplied with smooth mu&cukr fibers also $umve, 
at least ho far as regards Lhelr nruseular coat; tho small inteslme 
ehows peristaltic movements a long timo after tho death of tho ani¬ 
mal; C?oliiilmitiq Magnus tUKJ4)j and oUiers havo prolonged llie dura¬ 
tion pf this action by ba tiling the in t os tine m defibruiated blood. 
Recently, Carnot and Gleuard <1012) have studied digestion and tho 
action of purgatives in the kolated small intestine; ITedon and Fleig 
imvi- succeeded i]i obtaiiiing contractions of the intestme 7 days after 
having place^l it in cold storage, Tlie stomach, preserved by Hof- 
luelster and Sc'huta at a temperature of 37® C., m a moist chaitit>rri 
showed regular periodic movenients procei^diiig from the cardLii to 
the pylonr-. The large intestinej incluciing the recilnm, exhibited^ 
according to Ilcdon tmd Fleig (l9D4 b sjKaitaneous rhylbinic coii- 
triictions afler removal Meig (lUin) was able to excite electrically 
Lbt- (nsopliogus of tho rabbit after li bad been kept in cold storage for 
12 days, the phar^mx and maophagiis of the frog after 17 <lays. 

Tho ureter seems to be quite as resistant. Miss Stem (1^03) noted 
its eoutractiong in a solution of chloride of Godhim; Iledon and Fleig 
{1004) in an artifidal 

The uterus allows dmilar pm[>crtii*H Ofrdon and Fleig, 1904). 
IvurdinuWHki (190-i) was able to prt^rve the life of timt organ when 
detached from the body for 40 liours ajid 40 minuti^, and succeedeci 
twice hi the tiuH’hanisin of labor in it when hirolated- 

Nonmuseular organs may also survive a removal from the parent 
organismj. but tlie proofs of ihcir survival are more dilficult to cstab- 
liah because of the absence of movements. Cartel (lOOti’ji grafted 
fragments of vessels that luid been in cold storage for acvtraJ days 
uppik tho ctiurao of a ves^l of a living animal of ilie same apeeiea; in 
1007 he gndted upon tho abdominal mirla of a oat a segment of the 
jugular vein of a dog removed 7 days previoualy, also a segment of the 
carotid of a dog removed 20 da}^ Iwforc; the circulation waa reeatab- 
liahed normally; theao experimenui have, however, been critidied 
by ileig, w'ho thinks liuit Uie grafted fragments w'ere dead and 
served merel}’' supportH and diroclora fi:>r the regeneration of tho 
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Twseek upon which tlioy were set. In lOOO Carrel remO'ved the left 
kidney from a bitch, kept it out of tJbo body for 50 ininutes, end then 
replaced it; tixe extirpation of the other ktdnoy did not cause the 
death of the animal, whidi remained for more than a year normal and 
in good heelth, dmu proving the success of the graft. In lOlO Carrol 
succeeded with wimiTar experiments on the spleen, 

Th^e lust cxiuoplca are quite too fow to enable us to arrive at a 
positive conclusion. Scattered as they arc, not yet repeated and 
cheeked by nil tho technical mothoela at our disposal, tht^ fumish 
only an indication of the possibility of tho survival of organs as 
delicate as tho q>Ieen aud kidneys for some time after removal from 
the body. 

Even tiro nervous syetem is not exempt from preservation outside 
of the organism. Aa early as 18SS Labordo showed that in a Ituman 
head severed from tho body artiilcial circulntron commenced 20 
minutes after the oxooutioir produced no movoment, yet tho cerebral 
cortex remained excitable by electricity for 50 minutea; in tho case of 
another criminal ccrobral excitability wufi preserved htr 30 ininutea 
without transfusion. In tho dog, Loye observed tho excitability to 
persist for 7 niinutes; Brown-Sdquard (1S5S) saw after 10 minutes 
spontaneous movements of the eyes and the face; Guthrie, Pike, and 
Stewart (1000) with arlllloiul circulation observed reflex tuovamenta 
for 39 minutes, iLo coraenl reflux for 27 minutca, rosi)iratory movo- 
menta for half an hour. In fiahes KiUiabko preecrved for aoverd 
hours the activity of the neire centets by circulating an artificial 
serum through the bead; he observed that the centcra of tho cerebral 
cortex lo3o their excitability more quickly than those of tho spinal 
cord; in the la tier tho reapinitoiy center lind that for the regulation 
of the heart show different degrees of vitality. 

In frogs it hug been know n * sinoe tho time of Galvani (1781) that 
tho hind legs of a skuiuod frog, connected by means of the ecialic 
nen'cs alone to a eegment of the epinal cord, remained oxdtabla for 
some hours. This very important experiment has been repeated 
many times and has led to voty significant results: The discovety of 
the electro-motor property of muacukr tissue and electric variation 
during its contraction (Matteucci, Du Bois-Reymond, 1837-1843). 
After that, Tjschetzky (1S70), Biedernmnn (1SS3>, Gad (18S4)' 
Uschmsky (1SS5) preservod for some tunc the spmal cords of frogs 
entirely mmovad from the body, in order to stuily in them the 
effects of electric currents. Finally, quite recently (1907—1911) 
BugUord and hb asaietanU have succeeded in isolating the enliro 
cerebro-spinal axis of the toad (%. 3, pi, 1) and preserving it elko 
for 31 hours and 35 minutes in urtlhckl senuit^ 

E ^wwnmm^tm ^ ccatiuj iKljisii «ftvgt looi ^n-ii ^* ^1 0 

PcTf*. 
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Taken flltugetliOT iiimG (^Kperimeiit^ show lIiaI the grestor pfixt, 
if not allj of Lho bodily organs are able to survive for more or less 
Umo after romovid from the organism when favorable conclitions 
are furaislipd. There is no doubt but what the observed timps of ^ 
flurvival may he conaiderably prolonged when wo Iiavo a hotter 
knowledge of the aerums that are most favoraldo anti Lhe physical 
and chemical conditions that are mmi ndvnntagroiis. 

If wo can preserve the orgatiSj wo may expect lo also keep alive 
the tissues and relb of wluch they are composed. Biologbtn Jiave 
atudird tho&o problems, too, and have also obtained in ihia depart- 
mciU some vor}' intor&Hting results. 

Tho cells which live naturally btilatcd in the organism, eudi as 
the Gor^jusclos of the blood and &j)emiatozDii| wero tho first studied. 
The red corpui=elcs of the blood of tho triton hAv-o bceu pri^acrved alive 
in tubes for S, 10, 12, and oven 15 daj-& and havo tnultiplied by 
cli^i^ioii (Joll 3 % 1903) I dm red corpuscles of the rabbit preserved for 
12 days in cold sLonige CFIoig, 1910)j Liien iujacted into the same 
animal or itito an animal of tho sain a species, produced in the urine 
no matufedlation of globular dcetruclion, which Flcig considora as a 
prtx>f tiuit fho coq>usclcs wpm living. The wdiite corinifc^-les, who^ 
vitality is cloar]_y sliown by their amoeboid movements, have been 
preserved ifv intro for 12 daj^ (Cardilc)^ 21 days (Kecklinghausan), 

25 Jays (liauvicr, 1895); those uf tho triton are still capable of 
movement after ^imontl^ of cold storage and those of Iho frog after 
1 year (JuUj, 1010) CCg- 4, pL 1). 

ilumiin Bpcrfnatojsoa have beeia observed by Fleig (1900) to be 
activclj" motile in soman after l>eing proservod for tw^o or throe days 
at a temperature of 15^. Semen kept in coid storage for eight days 
and then rewamied Iiab also shown motllo spermutoaoa. YwiiJioff 
(1907) was able to preserve in a suitable medium the spenutitozoa of 
a bull at a temperature of 2®, with active movcinetits for 12 days, and 
at tho end of 24 hours obtained artificial fecundations. 

The oiganized tissues have likewise been the object of numerous 
exporimants. The cUIated epithelium fd tho larynsj trachea, and 
bronchi of mojumab atiJl vibrates 24 hour^ after death; Gmwitss (1S9T) 
observed ediary movcmenta in the nasid epithcEum of man 9 daj's 
after its TomoviJ during a surreal operation. Wentcher (1S94) was 
able to successfully graft a fragment of humi±n skin 50 htjurs after 
it-^ removalp Ljungron (189S) succeodod in doing the same niter it 
had sumved for a montli. Grawiti (1397) w^as able to graft a 
fragment of the ci>mea of a rabbit removed 12 days previouEly,. 
Truss (1900) kept a fragment of cartilage alivo for 30 days. 

Since 1910 experimonts on the eurvivaL of tissues multiplied 
and at the eamo lime more knowledge liaa been oblained conceming 
the conditions most favorable to survivid and the mieruscopical 
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app<^arane03 of tho tisaucs so prestn'etL Xix IMIO Ilfurison,, lia™ig 
pbicpd fragmcaita of nn ombryo fmg iii jv ctrop of cojigiilattd lymph 
token from an adultj aovr them oontinno llioir deTelopnient f<^r sev¬ 
eral weeksj the miisdea and tho epithelium differentiating^ the nerroua 
rudiments sending out into the lymph filaments similar to nerve 
fibers (fig* oj pis. 2^ 3)- Since 1910, with (lio idd of Dr. Minot, I have 
sucinecfied in preserving sdive the ner\"e cells of the b~piniil ganglia of 
adult dogs and mbbits by placing them in defibimatecl blood of the 
same animalp through ’which there bubbled a current of o.vygen. 
At zero and porltJips hotter at 15^-20*. the Btructure of the colls and 
their colorable sul>stanco is pre&ervetl without not aide change for 
at least four days' moreover, when tho temperature is raised again 
to 30*, coriain of tiie calla give a proof of their surrival by forming 
new prolongationSp often of a monstrous chumeter. At 30* some 
of tho ganglion cells which have been preserved rapidly lose tlieir 
colorability and then their stnictiire brtNiks up, but a certain iimnbcr 
of the others form tiumerous outgrowths extremely varied in appear¬ 
ance* TVe have besides studiotl the influence of isotony, of agita¬ 
tion, and of oxygenatiotii and ihmc experiments have enabled me to 
asceriam the brat phyaicnl conditioti-H requinetl fnr tho sunivai 
of nervems U-hsuc, In 10lOp Burrows, wnploying tie twJiniquo of 
Hnrrisan, obtaine<l results similar to his with f^agf^lent ^3 of embiy^unic 
chickcm. Since 191D (krrcl and Burrows applied the same metlmd 
to what they call the ^^enUure” of the tisanes of the aclult dog imd 
rabbit; they liavo thus prcs^erved and even multiplied cells uf car¬ 
tilage, of the thyroid, the kidney, the hone mam?w, the spleenp of 
cancer, etc* Perhaps Carrel and Hs rollaboratonj may bo criticized 
for calling "eulLure^* tlmfc which is increlY a eurvival and for not 
haring always distmguishcid between the phertomenu of dc^neration 
and those of real survivab but there still rcniiiiiis in their work a 
great element of real interest. 

In oonelusion, 1 will cite a heautiful scries id experiments, roiiflucteci 
by Magitot in 1011, which give a good kh^. of what praidical results 
may be expected to follow^ from these researches^ Mogitot preserved 
for 14 and even 25 days fragments of the cornea of tlie rabbit and was 
able after that to successfully graft them upon the eye of another 
animaL Soon after he applied tlicsc results to man; aflcr anenuden- 
tion of the eyeball he removed the eje and preservcil it in serum; 
scran days aftc-rwards another man haring presente^l himacif whose 
cornea had been injured and rendered opaque by a jefc of quicklimei 
Magi tot cut an aperture in his comco and grafted there a frugmenl 
of the cornea which ho had preserved, and tho graft siicoocflcd per¬ 
fectly, the man having, nfter some time, sufficient vLiion to bo able 
Ui go about. 
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Such ftTo, too briofly auinnmmedij tbo pxperimeuta which have bwn 
macio up to the present time. We can rcaiiily imagmo the practical 
consequences which 'W'o may very ehortly hope to derive from them, 
and the wonderful applications of them which will follow In the 
domdn of Burgety. Without going so for ae the dream of Dr. Moreau 
depicted by Weha, since grafta do not succeed between animals of 
differetit species, we may hope that soon, in many cases, the rcplae- 
ing of organs will be no longer impossible, but even oh^, tiumha to 
methods of oonaervation and survival which will enable na to have 
always at hand matonala for ejcdinngo. 

The dream of to-day may be reality to-morrovr. 

There are nltm oth^ consequences which wilt follow from times 
researches. I hope that they will permit ns to study tho phyaicul 
and chemical factors of life under much simpler conditions than 
heretofore, and it is toward this end that 1 am directing my 
researches. They will enable us to approach much nearer the solu¬ 
tion of the old insoluble problem of life and death. What indeed is 
the death of an oiganiam all of whoso parts may job survive for 
some tuns I 

These, then, ore the reaaarchea made in this domain, fecund from 
oveiy point of view, and the great increase in the number of experts 
who are taking them up, while it ia a proof of their intoreab, gives hope 
for their rapid progress. 
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ADAFI ATION A^^D INHERITANCE IN THE IJGHT OE MOD¬ 
ERN EXPERIMENTAL INVESTICbVTION.* 


By Fjint. KAXwcRBHt VioniM. 


At the n|X)iuDg of the eighth session of tlio Intcmntionnl Zoologicnl 
Congress at GrttK, in August, IBICI, the Grax Tageblatt ct^ntuined e 
leading article by Prof. Franz von Wagner, of tlieUniversity of Gma, 

the inirDductloD of wliich ended ns follows: 

!!• 

Zoology httfl expand^ trpmpadouflly mjwo tJic puliTIc-otfon of wnr|#, 

both m bmidiJi and prafouiidnnj uid Lha fmJj RccdJiiij^ of hb diiy hu 
into m i-tunfy mth Inany bmneboe. Kouo of tha rotwx fiolila of the KfciilMi: 
study of mnimnlg iXIustoto tliiv moKi coavipcingly than tho flletufy pkt:gKn which lua 
Wod suido in foc€iit ycdUB lu Escponmoiibiit Zen]og>% ThUp m r speebi atudy^ In tba 
■yatninatb dovolopmrnt of methada, hur attacked Dot 0£ily tho ptnb!^ ol tho dovieJ- 
Opuiont of organic fomip but hajs attempted to bc 4^'V the riddle of ]ile^ Mtriv ing 
Ibe aimo tima to imprese Dpon biofogy^ aa faraa poasble, thoi^ta^mpof ru tKii^nco^ 
It b ciCfitaiiLly not through ehaucfl that tbia phjiao of madorD wiJogy wf|j recaivo i 
grcflt amount of attcution In tho cougToaa at Ciraa. 

During the of the ■congress, manj other indl^-idualB ex¬ 

pressed similar opimons, among whom a goodly number iiresonted 
papers or took part m the disouaaions. Of tlieso Uiere come to miml 
men of such note as AVppelof^ Onflow, and Plate p who eotpliEiflized 
the impfirlance and al^soluto necessity of basic expetimentation. 
Indeed, we dare not any longer be satisfied simply to otT^orvo film! 
facta in nature as they present thomsdres cnmplGted to tlie oliservor 
and merely incorporate thk mass of isolated data in a mountain of 
knowledge, but we seek tlio cauaesi which underlie these phe¬ 
nomena. Tills can not bo aceompHslie^l by mera dc^riptions of ill 
final products and a comparison of them, hut liy O-Xperimentid annly- 
-In this, the factors vrliich ap|ieiir to us to be n^sponsiblo for a 
definite plienomenon are isolated and sliuweii to reacti or they are 
cumplotcdy suppressed; that is, the conditionBi found in nature arc 
artificially changed in many ways. These are the same niethoiJa 
which have alvi'fijs been applied in cliemistry mid phyriisip the so- 

■ A iMririrn d-illTpftd Dw* iv, IJIO. iKbra tiu flebepUflf iJcrtha. ty 
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caiJcd natuml Bcicnccs, which owi^ to thia mothrul tlicir modt ^ ondcr- 
ful iicIvaoccmCDt. It wtia verj' late^ comparatively speftkin^, when 
Urns thought obt^wi that similEir results might bo expected in natural 
Uistorj% nad a few decades of this npiniou hava led to great rasulla^ 

1 intend to-day to covcf aa fur (ts p4)saible, with many concrete 
examples, the facts which I brought before you in a1^tract form. 
We wouldi however, gain vciy little if I should attempt within the 
time ai my diaposal to loucli upon dl the branches of natnrd history 
to which experimentation Uaa been applied, I therefore prefer to 
dwell upon only two leaf Ling questions viewed from the experimcni ol 
viowpeinti aud shall consider thi^ in cnnsiderahlo detaih Tlveso 
are the old Lamarckian and Dorw'jnian slogans ^'Adaptation and 
inheritance." In their reactions, which wo wish i:«pccially to cm- 
pliosi^ep both of thorn become united in a single world-stirring prob¬ 
lem. Pure dcacription and comparison could not give them their 
full meaning, they rcmaitiLd but empty termaj alogonit, t.lirough 
wliicb one wjia supposed to be able to explain o very tiling, hujt which 
in truth posacssctl no cxphinnlion at dl, and wore therefore discred- 
itcflp especiaUy througii the critied examination to which they were 
subjected by the genid August WVismann. The reaction botween 
adaptation and inhcritancCi or, differently stated, the tran^misaiou 
of characters acquired through adujstation, the emphasizing of these 
characters, and the evcdutioniiry effect produced thereby upon tlic 
parent seem of the oigantsm, had scarcely any foUow'ena for a long 
time. It rcfiuircd and will require many tolious and prolonged 
experiments before tliet almost ahandoticd study w UI be rerived in 
improved form, stronger and better entitled to consideration. We 
shall tlxrreforei among all the problems of evDlutioHr hors con&ic 
oiir attention to adapLation and inheritance, but wo shall constantly 
be m touch with that other JaJgc problem, that of reproduction. In 
tills wfi ehdl give rcjual considcratiem to tisoxiid reproduction by 
simple ff^ion (Paramucciuni) ■ or budding fworm Acolosoma), tho 
unisexual reproduction by parthenogcnetic eggs (lower cnistaceoim), 
or close fertilization (lughct’ plants), and even the bisexual reproduc¬ 
tion ilirough the union of ovum and spermatozoa of two distinct 
individuals, a male and n female (higher animals). 

On account of the manifold adaptations of w hich we flhoU learn, 
the following problems of modem biology will be touched npon^ 
uamely, EmbiyogencBis, or genn dovelopmeiit; Reganoration, or 
repeated grow th {worm TjumbriculusJt Involution or Concentration 
(worm Aeoloeoma?; Trfinsplantation^ or grafting (salamander, chicken, 
rabbit, guinea pig); 3kSrndelian law {midwife toad); Intravitem 
staining, or coloring of living ti^ues (moth Tincola); Immunily^ ur 

I T\» itUMi oJ Uw Ii«5ml5nii * trj-b f!ir£ii*£i rUtft kit lb« fircbafliEki Ifali Hmnn uk pifiM in 
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against bact^ricJ or other [loisons (chicken» moiise, rabhiti 

man)- 

Aa is well knownt tnafij of the Tower plants ftnd animals multiply 
hy simple fbaioDi anJ the resulting: clementa attuin in courBo of lime 
the form atitJ size of the parent. Or they may multiply by hfl™g a 
bud developing on any part of the body, wlncli in time the 

form of the entire pai^nt or ammd upon which it is developed, 
usually sepamting from the parent to leiul an indeperiilent exlBtenee, 
ilnUiplicatlon of tliis tyjw by fission or budding ffiay ocraaionally 
occur in many higher aniuifda or plants, especially so when they iuvvo 
been injuroil by mechanical separation, and each part possesses the 
power to r^enerato the lost portion. In tliia asejcual reproduction 
we realize best that the offspring resembles tho parent, or in other 
words that the peculiarities of tho parent have been trausoiitted to 
the offspring. Wo oven accept this when tho puronis havo acqtiiretl 
new characierB m their individual existence, for why ahoidd the 
pieces possess different characters than the tiuiterial from wdiicli 
they sprang unehangod 1 

Stilly it ia not necessarily tnie that newly acquired characters must 
appear in the progeny, Metalnikow fed ProUiZou with grains of 
carmine and India ink^ Although they devoured thoao indlgestiblo 
particles at first, t hoy no vert heless grad uallyleamef) to push ilicm aside 
and to avoid them. But as anon as fission had rendered the oig^itn- 
ism into two daughter cclls> these seemod to be ignorant of the indi¬ 
gest ibili tv of the carmine or India ink, for they devour-wl both greedily^ 

Ijcaving out of consideration the constituents or peculiarities of 
iho&e etementary building hlocfe of lifop tho ao-cidied cells, this simple 
experiment, recently chaliengeci, it is tmo^by SchSfpr^demoni^tnite the 
following fundamental farts: That even in reproduction hv fiimple 
sioii gcnuplagitip which coutarns the material for the next generation» 
must be distinguishocl from the luirelj individual somaplasm, which 
perishes with the single example* The IkkIUv" peculiarities^ be they 
young or ohb must be impros«viHi upon the gertnpiitsm of tho next 
generation in order that they may not become lost but may rontimie. 
With this^ then, wo state that asexual reprodurtjon does not differ 
as far as their principles ia concerncflj from sexual reprotluctioti. If 
we find tclinsmission <if acquired rharat^™ in organ kins wliicb 
multiply aaexuallyt we may therefore attribute to tliem the same 
significance as iu therse whlrh roproiliicG by the sexual methoflB. 

JenningB found curiously misshapcKl examples of a Protozoan 
(the slipper animalcuta Paramaecium, fig, 1),^ in densely populate^l 
cultures, where there vras a lack of food. 

Jenniugs transplanteil one of thi^o from the jioor mediuni uito one 
presenting favorable conditions and foliowetl the pnigeny through 22 


■ Tl» flfwuftftn] ifjvihJuMd no ptftic* I to a 
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gc^norations. In the resulting prCK'luets of this repente^i fiivfeioiii 
part wft3 nlwftjB normal whU© the other inherit-eri a hornlike pro¬ 
cess. There wm conflideTflbln tlSFcrenre in tlie form imd. eize of 
this process, as wgU as in its position; at times it appeared anteriorly, 
then in the mlddlo or posteriorly, so that the progeny would obtain 
this process fmiii tho anterior or posterior extremity of tho parent. 
From the ninot^Mmth generation on, tho process roniained on fcho 
anterior end, assuming a peculiar frniclinn; tlio anunad used it as a 
gliding shoo and moved upon It on the walls and hottom of tlio 
containerH. 

While Jennings produced this horn like procoes through lack of 
fnod» IfcGendon produced the snino by means of a centrifugal nr 
rapid whirling of the Protozoan. In the first following fission tlie 
dnughter ccTb each poEsess^^d a horn. liuU^r^ m hi Jermingg^^j cx- 
perimenLm, oidy one of the daughter cells was proTidc^l with a bom, 
the second one, being normal, gave rise to nonnol progiiny only. 

Another new character, on i.he other liiintf, aUo resulthig rn:>m 
insufRcient food in cultures, ma^l* by JenningB ami McClendoUj 
rouklp in ;^plto ol transfer into a rich food mcKliiim, bo Lninsmitied 
even by apparently normal examples,, nnmcly, tho tcnfloiicy to 
bromplcte fi^ion (fig. li}> in which the daughter irn:liviijiiiife remain 
attached, forming chains. In this manner long wormlike colonies 
srisri\ Erom w^hich now and then an indivklual liocomes separated^ 
this, howoTcr^ producea chains again, directly, or these aro formed 
by its progeny^ 

Similar fusion was produced by Stole in a worm, Atf^os&imi 
pricAti (fig, 2), which mtiltiplicftby budilhig—tha t is, asoxually,by the 
U90 of old culture water containing scant nourisluncnt. Ill this ca^* 
the phenoincna is not transmitte«l to the progtmy, again a reminder 
that asexual reprotlucrion does not always embrace a complete 
tramanissiDii of all the dhameten;, whether inheriiod or acquircNl. 
This worm normally has a smooth head and abc pairs of bundlea of 
seta?, on the aides of the bofiy (l-Fl). In the roproducibn (fig. 211, 
a new head and body with sLt paim of hnneOes of bristles (sot^) are 
hnddetl at the posterior end and later detached. Bnt when subjecteil 
to fitarvation the bud fusee with the main stem into a singb individual 
(tig. 26) I which now possesses morn bundles than 4he nermal 

w*orm- If tluH iiidividual bo now placed in a fresh fcKKl medium and 
begins to bud there (bD, it will jsroduce from tho very l>cginnLng otdy 
individuals with six pairs of bundles of setie. likowwOi the offspring 
are provided with the nonaal number of mirn^ when budded from a 
parent, which, mstead ef having on increased number of set® produced 
by hunger, Ijjus a lesser number produced by mechanical Beparation 
(%. 2 ^}. 
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ApotlierPolychBetHB frp»h-ivater worm (LumbricMiluiS, fig, 3),pos£4^ss^ 
- lifcu tlie rest of the worrad, the iibility to develop into new womi^. 
from pieces cut from the bcnly. However, aceortling to MorgulL^, 
not oil parts of the body oto able to accomplish ihh. Lf five bsegments 
are taken from the anterior region of the body W), those will jidd 
exactly double as mimy caiulal segments m five segments taken from 
tho posterior portion (B) are able to ytekl. After 14 days the new 
tails, df f>, lire detnebtHl and these now produce a new heml inter¬ 
iorly ■ <*11 \t so that complete worms, although they are somewhat 
dwarfedj are again pnxlucecL These dwarfed worms ara again 
robbed of theh- tails and must sprout another last sot of taiR But 
one of thi^ forms (fi), pityluces only about half as mimy tad seg- 
meiita as the other (A), This is tho result of the stronger growth 
power of the anterior end of tho original worm^ while the other ia the 
result of the lesser growth power of the posterior segments of the 
original worm. The pcculiitr abilities of these partA hare been 
retained in spite of tho fact that the pieces were finally siibje< tail to 
the same process—that is, to produce caudal segments of the heat! 
end. Differently statoilp the anterior end, derived from the posterior 
end, has acquircsl lUo character of lessor devdopmont and transmitB 
this to its progeny even asexually. 

Recently the questioti of acquired characters has been diligently 
stuili^d in small crustaceans. Titcir reproduction is a sexual one, 
in so far as it does not take place through budding or hssion, but 
through the production of true germ ccife. But it does not agree 
with our idea of ortliotlox sexual repnxJuction^ ainre ni^my genera- 
lifiins may pass without the appearance of moJe^^ The reproiluctire 
products at sueh limes aro purely fominmo—that is, eggs which 
tlevdop without having horn ferlilketl by a mrde coll, the sperma- 
tozoan* We may distinguish this form of rcpnxluction from sexual 
reproduction^ in the rcistrictOil sense, or bbesual reproduction, as 
mibexuiil or parihenogcnetic roi^roductioiu Tho mvestSgaton* who 
have been engaged in the study of these lower crustaceans, aiul have 
in part or wholly Urod them parthenogenetieolly fre'am unfertfliKetJ 
eggs, have avoided the criticism which has often been expressed w here 
fknimab were producod by the bise.\ua1 methoil of re]^rotluctk>n, 
namely, that tho ebangea obtained m these animak, the jjroduet of 
bkcxuul reprofluction, were not duo to an adaptation to the onviron- 
ment, but to tlio crossiug of races, in which certain characters* which 
had up to tills time been hidden in the germjjlttsm, had como to the 
aurfitce* T<j the breeding c.xporimentH, in wliich the above criticbni 
can not apply, belongs, amung others of retient date, also one of the 
most imporLant older works, tho oxperimentij of Sclmnuikewitsoh 
(1875). This deals wdth tho effect produced upon the form of the 
sahne cnistaqeon {Aiicmia salma^ fig. 4, 1), by varying tho salinity 
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of tbo iHKliuTn in wUit-U it iivtss. Th^se ■ecAperiinerit:; havfl ninre 
ttina oni'e subjectftd to scalhin*f ^ritkism, which la unilesenriKl, as 
can bo dprnoastratod by m examinetio?! of tha onginal gour^^ 
By increasing tho anlLnitj, Arieirm ^alina posses in sovariJ gonerationfl 
Qoojar imd noorerp and ovontuolly complotely Into tlio related, species 
jlrtcmw On the other band, by reducing the Balmily, 

it assiumiss a number of characters which ojo peculiar to a fresh¬ 
water specica, fcho gillfoot (Branchipus, fig. 4, 2), This is moafc 
apparent in tlie gradually tnnphaskocl development of the appoa- 
dages and the cilmtjoi:i pimding from them. Tliese hairs are at Urst 
wanting (lit); then they appear scattered*only on the tip of the ter¬ 
minal caudal segment {lb-d}\ but finally they surround the enth« 
border m a fringe, having attained an equal length at the same time 
iU-f) 

Among tlie many experiments which have been made recently upmi 
tins low^er crustaceans^ those conducted by Woltcneck upon the long- 
BpintHl water fiea (Daphnia hn^piw) may be mcntioniKl. In the 
Untflisee, near hum (lower Austria), lives a race in which the head 
helmet is low. B}- feeding tliese well, in the basin of a hothousdi 
Wollen-ck saw them develop into high-helmtHl forms. If one trans- 
plimls artificially produced high-helmed races into their former 
habitat within two 3 'ears, then all their progeny rctiima to the low- 
bebned form. Tauter offspring, howeverp remain more high-helmed 
than the original stock, even when they are returned to normal 
contUUons. Ostwold obtaiiiod a aimilar picture without inheritance 
in mi allied genus^ nji^alcKlaphnia (fig. fi). Be jilaced high-helmed 
femali^ (laci), which contained eggi in the brocKliioiJch that were 
nndeigoliig development, in csold water ( 0 * to 5* C.) and obtained 
(ISip) short'hebiied jaimg. Moderately^ high-helmed grariil females 
(lldd), placer! in moderaiel}* warm water (S® to IS® C.)p yielded 
moderately high-helmeil y'ouzig (lltij, while ahort^hebned females 
(1 placed iu warn wat€ir ( 20 ^ CJ, produced high-hehued young 

(lllitib 

1 shall now cite a series of examples in which the transmission of 
an iatentionally produced variation in higher plants and animals has 
been demoiistnited. The offejiring necessary for these demonslra- 
tiops w^ere proilucwl by the usuiil bisexual methoils—that is, through 
tlie fertilization of an onim; both parents may have been subjected 
to the change-prod ucmg environmen t p or only one of iKo parents may 
have been changed, the other being normal. Tho nature of the experi¬ 
mental variation w^as os voriablo as tho organism in which it was 
produced—small anti large butterflies, flics, beotlea, water and laud 
fioiamanilrrsp frogs» toads, Ikariis, cMckens, dogs, guinea p^, rab¬ 
bits, rat^i, &nil mice, \arioua kinds of grain and higher flow^ering 
pUntb have yielded poeiLivo tULswers in mir cxpe-rinienis: to say 


i 


4 


AnAPTATIOS AND INHEmTA>hCE—KAMMEREM. 427 

nothing of tho lower plajita or aiuiiiAls, the bacterin, yofkst, im<t smut 
' » fungi, the idgR\ an^l flngeilaU'S. Tho cliunictcrB wlurh cuuUl bo 
chiinge«l or newly formeil in ihv higher orgatiiaina mdudo form, 
colurt il(.weli>pmetU&l sLiigeSt liaiihs of loconioLion, focwij reproihjclionp 
anif nitlifieatioiL Of all thi^ groups of aequiroil ohanges, T can givo 
on^' one or two e^nniph'^. In iminy in^tajicc^ pun'eral of ilw men- 
Unni:f«E grcnijAi uf variiitiotis ^ire combbieil in a single oiisi^ so that in 
8 i>ito of nil tlus ne^x'sanjy eoncentralion^ <|ijito a oomprehensive sun-cy 
of the field will result. 

If wo begin w ith a en$o which in n sense is not one of tmo trans¬ 
mission^ for in this it is a foreign bmly^ not a ]>art of tlto animal 
which h triLfisinittetJ bv the parent to iho offspring. Sitowski fad 
tho caterpiUftRj of a moth {jT-in^ofa with an fuiilino i\ye, 

*^Sud<m red No. JIL^^ The colored caterpillar developed into a 
c<mipii^Co njothj and these molii deposited colored eggs {fig. 6 i?>, tmm 
which coIortHl cater]jjllara emerged ; normally the eg^ and cateridl- 
lars arc? wliite (fig. 66). Siniilar results wero obtained hy Gage with 
guinea pigs iind by Riddle with cluckena. These experiineiits aro 
of iiitorest bifomiai? Lhey show" liow" easily the germ [dasni is n^aohed. 
In this cjise it was aceomplislied by on external chomicot factor 
thtiitigh tlm rotmdabout way of the somaplasm. In the boily the 
fatH arc e&|HH.dally culoreil by tho sudan red and in tho c-gg the fatty 
substances w'hich arc attacked by it. Wo may consider the coloring 
of the liTing tissue (Altai staining) comparablo to tlio iimnigratioci 
of gra‘ii alga? into tho egg of the green fresh-water poljp (//i/cfrra 
tr/ridia). The groon color of this poljp is due to nucroscopic low 
plants (algROt wJiieh live in the cells of the polyp and ei"en iafv^i the 
maturing egg, M. Xusabaum has ciJlad tJm a transniLkiion of un 
acquinul eharacterr for it stands to reason that Uib asduciation with 
ihe mlgee must iuvvi? bt?i*n acquirinJ some whore. 

If we consider si 2 e^ then wo find a ready example w'hich ab^o cm- 
braceti change's in color and food habit—tho catorfiiliar of Ibc gyjffiy 
moth Oennia —in wdikh the ititdes are strongly 

^lifferentiaU'd frewa the females. These catoqdllars feed naturally 
upon the leaves of the oak and fruit trees. Pictet fed thom upon tho 
hard leavt^ of the walnut. At first they fed poorly, but the falluwing 
generation fed upon the nut leaves without hesitation. The resulting 
genemiion of moth are dwarfed and paler in both Traces 

of (Ills am still recugfiizablc after two generationsp oven when they 
have hcenretumeil to nortiial food. On the other hand^ if one ftasla 
iw^o con."iecutive generations with the abnormal finnj^ they mtum to 
ilia ruinnal form^ evidently l^ecamm the caterpillar hm learnt^J to 
digest the sirmig© food ea w^cdl that to which it wils formerly 
accuatomietL Feedhig w-itfi the kmder Esparst^lto pn>tliic*-s giarif 
forms and saturated color^ an well m gm\% instearl of yellow, breast 
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hiiirs. If tUo filst gcnorntioft k fed with wftluxit loaves, the second 
with ouk leaves, and the third with Espoissttc, thou tho characters ► 
uf all three food-response forma arc tiniled in tha last generation» 

SdirSder likowiso obtaiiiLHi in the small willow-leaf bceOo Phratora 
vittJliiuM (fjg. 7, lower right) an inheritablo fotaJ change, but which at 
iJie aamo time forced tho animaU affected to a chango in locomotion 
combined w-ith a chango in reproduction. The lan’M of tlm bcstla, 
usually foil upon tho leavea of a smooth species of wUlow (fig, 7*1), 
aero unable to feed upon tho surface and were forced to ciino in the 
tissue of the leaf, "^^en both wUlo™ wore at the disposal of the 
resulting beetles (B, 6; C, c, etc.), then these fastened tlwir eggs, 
mcnraalngly with each gDHoration from the very beginning, freely to 
tbo new food plant. 

Another experiment by SchrOdcr affected the nidification of a 
(■mall tiiuih ((?njcifarHj uti^mateHa), The caterpiUam of this moth 
arc acctistomed to roll in the tips of the willow leaves, winch servo it 
as an abode and food. They are prevented from doing thb when the 
tips of tho leaves are cut off and are thus forced to roll up one or Ijoth 
edges of tho leaf. The pregeny of the third generation do this in part 
spentancoust}', even when the leaves have not been mutilatecL 

Flanta, too, yield positive results when they are examined for 
transraisaion of acquired characters, I will have to pass over the 
many examples which have been noted in the aaexuully reproduced 
spore plants, bncteiia, yeasts, Buiuta, and nlgffl. I can only mention 
thoee produced sexually, usually by eelf-fertilizatbn of tho btscxual 
flowore, 

Kleba grew Gamandcr-Ehrenprck {Veronica ^tnaedrye), a species 
of quite constant form under especially favorable food conditions, in 
moist, well fertilized beds. If tbe feeding sap stream w’as driven into 
the dowering stalk by tho cutting a way of tho main stem and any 
now lateral shoots which might develop, tlwtt thcso changed quite 
rapitlly into leaf shoots. No new flowers with their accompanying 
bract were added, Init in their place oi Jy broad Coarsely serrate grecit 
leavva. The disjioeitioir to this leafy efflorescence k increased in tho 
fseodllngii of such changed plants, e ven witliout mutilation in the free 
lM‘d, amt, under foial conditiona whicli were little more favorable than 
those in wldch tJic wild plants grew, several secdliogB showed a change 
of their unbrancheil determinate flower stidks jnto branclted indeter- 
mlniite leaf shoots. 

Recent c,vperimenta were made by Kiebs upiin tho short-leafed 
livc-for-ever (Bmpemwat ocufuinafunj). This was carefully grow-n 
and the developnU'Ut of the flower stalk watched; then the flowora 
w'ere examined, and, if found uonnol, the whole flowi*r stalk was cut 
olT. Now flower stalks now developed 'of a differeut form, with 
changes in the miinlx'r ami position of the flowere, pistils, Jitid sta- 
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m^Ds. Tiio coral Ia woh at times completelj absent and tim stuxiiens 
• woro more or less changed into petals mid whole flowers appeared as 
leaf rosettes. All tbese changes appeared at one time in ono and the 
same plant. But never more t L an one of the se vorat changes appeared 
in asingb individuAl resulting from the clojo fertiliacd seoda of this 
plant; that is, either only acliunge iii the position and tlio ntimWr of 
the flowermg parts, or the e)ian|pugof Uw dowets into leaves, or only 
tJie cUangc of the stamens into petals ocoumHl, Tlie last two changfa 
wi^ emphasized in the aecdlin^. Ko changes could be dtinioD<> 
btrated in the female floweia, for example, the complete lack of petals, 
but instead of this a new change not observed In the parent floicer 
become manifested, namely, o poculiur distantly apoced position of 
tile sepals, which was noticeable. 

Blaringhcni, by the use of mocbonical methods, mutilation, and 
twisting of the main stem, attacked a normal race of maize, Indian, 
com iZea inay$ pfimsylmniea), to produce varying bimiB. As a 
result thereof, manifold abnormal forms iippeored already in the 
parent plant, of which only a part recurred in the seedlings. Not 
tranamisaibte was a variation, in which the seeds appeared separated 
upon the cob; nor n second, with clmiFy eais and red instead of green 
leaves; nor a third, in wtiich all tlie flowein of the car, which normally 
ohould have all been p iatilatc, had been changed to ataminate flowein, 
without a chaugo of form or of tho husk. 'Hie following changes, 
however, remained constant upon further cultivation, without 
renewed mutilation; a race with stamens upon tlw cob; tlint is, 
bisr^xual ears. Normally the cars, which develop on the side of tbs 
stem from the uidl of the leaves of the Mays plant-, are putdy piatUate 
fruIt-doweiH, wbilo the terminal spikes at the summit of tlio stem arc 
purely stamina to. However, the etamenu growing between tlie 
pistilate floweis were unable to prodiicc pollen. Blaringbcm calls 
lids race "Zitt mays var. pseudiMndra^ym/^ i. e., 'Mho ftdse ber- 
maphrodlte.’' Another constant form was an early ripening race 
with many densely crowded somewbat irregular rows of seeds, ptjo. 
sessing also a diffcixrnt form of stem and number of leaves. Blaring- 
hcffl calls this ^*Zm mays vttr. semi-praecox,'* ‘'tho half early." 
Fumlly, A strongly difTercnt form, whicli l>looin& and ripens even 
earlier, with remarkably gnuill eius and staminate spike's, in wliicTi the 
spikes, wliich should bo purelj'stamuiAte, arc in part or wholly dmnged 
into mere scars; tlint b, they have assumed the form of the plstiloto 
flower, wliich hi intended to capture the pollen. Bloringhem calls 
this form, Dutyg praecox** “the very early/’ end coiteidere It a 
new distinct species. 

All the experiments so far cited pertain to plants or invertebrate 
mimtala. To succeed in thees experiments it is necessary to watch 
.the particular organisni for at least two generations, and to keep 
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tliem^iw spito of Llie jumiiiunil ctJnditidn;S, in such u stilts of hcaUh 
that they will unilcrgo ruproduction ^v&n while in CttptiTity. On - 
account of the tdiort period of life and rapid Boxnal maturity, no great 
difficulti^ were encountered wbUe using these lowly^igatiLsed 
animids. Among iho plants, the gardenerfl and farmers have always 
looketl to it that the technicid probknis pertaining to tliase wore 
placed in their handsj even before experiuientation, and tho study of 
life phenomena upon the living object wm umlertaken by biob^"- 
A lesser considenitiou was bestowed upon the aniniab, e^ipocially the 
so-called '*eohbblooded'' Tertebratos. Zoological gardens cotitHimil 
only miinmials and birds. The iiso of aquaria and temma as a pas* 
time, which later oti lent much assistanco to the reumg of organisms 
fur scientific purposes, was still in its irifuncy, when, with tlicir aidp 
easily solved problems began to play a part in biology* They also 
pby a part when it is desired tu change the normal couditions under 
’whicli an cirgani&m exbts. Yiiliila the botanist often knows p almost 
instinctivnly, how he must treat a plant ivhich he receives for tlie fijst 
timcj the zoologistp on the other hand, stamls abitoat Ualplcss, though 
de aling witli nnieh lieltc^r know'n formS| whan lie finds tliem dying on 
Ilk hands. For my own eseperiments f had selected charges which 
demanded oonaiderable attention, and 1 had to arrange a special 
technique, step by step, to make it possible to keep these animals, 
mostly reptiles and amphibians, alive and to have them multiply* 
Ovniem of livaiiup who may bo among my Ikteners, may answer that 
it h not at nil diilicult to keep a tti.4itoad, toadj or fialamander fur 
years in very simple aurroniitUngs —a small box with moss and some 
water- Tlik k vcjy true, but aucli animak will never multiply under 
such conditiomi, although they may live a long timo. Furthermor^v 
such conditioua would have hardly helped me, for example, to sUU 
have living midwife toacb (J/yfc# obsUtrimn^), which i collected in 
Appetiai^U in the summer of 1884, and some fire salmnatidere (5aia^ 
mdndta i'iiacuZ&^(z)i which i have had since I was 12 ^"earbi old, or mure 
than 13 yeats. The dilficulticH reach their zenith when one con^ 
aiders tho problem of keeping a shade and moktnro loving salumander, 
in brilliiuit liglit, on dry sand and colored paper, phicing only n small 
vessel with water and a very small nest of mokt mosj at its dkpoeuJ. 
or when one takes care uf a lizard, wdiicb normally loves clry neaa and 
aunlight, in comparatively cool, moist, and dark sniroyndlng^. 

Ffirmcrly I succeeded in getting the auuuAb exporlmented upon to 
reproduce out of doors in so-called out-of^loor terraria, or large cemoni 
baaiflS^ Tho gieater number of thasa pels have now becomo donier?- 
ticatedp and they perform those functions in smaller cout^iuera in- 
doors* 

And now to tho experimentIhcmsolves, for I intend to give you 
a aomewhat more complete account of my rearing of fhe midwifu 
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tojid abitUtricang}. In order to imdorHtajjd thk, it bocomf^ 

nflCfw^arv to n tow wortls iilM>iit the orduinr}^ raetliod of roprodwc^ 
tion in of tho toiub ami frogs (tigp R). '^^Fhoy rloposit tb-oir amuJI 
oggs, himtlnxls in number, in wntor. The eggs ara surrounded by a 
jolh-liko substiinco thflrt unite?! them into bunches or strings (fig. Sa). 
lIoKi tbo jolly-liko crovcruig swells at once aliout each cjArk-coloroil 
egg as A ahaiplV'^lilTormiiiatod transjocent bull (16). The eggs romutn 
without attention from the [lureiits after dopoaitioin Tlie young {ci 
from tho eggs. The frt'e lurv®^ ao-e.iilled tAilpoles, which at 
first n-ro nut provided with any spedal breuthing apparatus, tor they 
broathe with tUn ouler skin (d)^ dovolop cstomai gills after a few 
days (e)j which are biter rntruct^Mi (f) mid give way to iunef gills (i). 
But still for weeks the larva ramains witboiit feet (A). It develops 
first the posterior (ib then the anterior extrenutios 1), after w'hich 
tho tall becomes shriveled anrl the narrow^ homy jaw is replaced 
by tho (ioeply out mouiJi of the frog {m). 'Then the sniull complete 
frog jumps to land. 

There is only a single exception to this rule in Europe^ the so-cnlhnl 
midw'ifo toad, or cgg^benring toad (fig. 9)* In tliis the deposition of 
eggs takes plac^> an I mid and a eompaititively f^uiaJ) number of 
(1S-S3) are produced, but which, on account of their great yolk niassp 
appear large and light colored ffig. % Tim jelly cajwiles whii'h 
connect- these eggs into a chain can nut swell in the aiTj, but, on the 
other hand* become contracted end fit closely to the surface of tho 
egg. The male essists the female during ovlpoeition by drawing 
the fttring of eggs from tho cloaca, lie also as^ista in tho brooding 
of the egga (comjj. fig. 10, 7 S winding the eggs al>out his thighs and 
carrying them aljout in this manner^ until the young are ready to 
emerge. At thhi time the male with iiia btirdcu enters the water, 
where tho krvfc break their capsules. They do this nut in the stage 
unprovided with special breathing organs* for Ihis and the following 
staget, that with extamal ^11, are passed over In tho egg. The larva 
b still footless {fig. hut has interna! gilb. The succeeding 

developmental stages agree with those of other frogs and toads—two^ 
legged (2c) f four-legged (2d), shriveling of thetaUt and habitat change 
from water to land in tho comploted toad (2e)* 

I was able to change tha ftlxjve-mentionwl proce^ considerably in 
four directions. Tu the first, the aquatic cxbtonco of the larva was 
much prolongotl (%. tho detail fig, fi). I gradually learned to wlist 
extent factors like darkne^M. a>Ul* ridint^ of oxygen In iho water, 
overfeeding after previous starvation, and the early removal of the 
embryo from tho egg* played in iirolonguig tho nietamorphic periorl 
ot tho toad. With each one ol these factors I obtained larv» which 
did not transform at the proper time> and which already in the lar% a! 
stage attaine<l considnrahle still, whst b mmt im]iortant, 


432 AssruAi. iiepoet smithsonia^t T:^iSTTnjTio?r, wn. 

tlevoloped into adult toatlsi at th^ advent uf ttft repidductive 
period. The? progen5" resiiUiijg fmm iheso toadfSp in which tho 
m^tamarphic changes Imd been dekyed, underwent motamorphosid 
within the usiOfll normal time. They thereforo Ixud failed to uihnrit 
tiie vjitymg developmental process, it tequiri>d tho combination 
of all the aboTc^mentioned factors to produce a sexually fertile 
toad larva (fig. 9, Od). Their pnogony {^€]j although produced by 
the meting oF tho unique fle^cually fertile female larva with an orrii- 
nary completely developed mate^ for years did not progress beyond 
tho stage mth developed bind legs and di^hiycd little inetamorphio 
eriergj'. 

Secondly, the independence of water^ which is already exprea&ed 
in tho normal mproduction of the midwife toad, by tho pharos 
passes! over out of water during doTiTlopment was pushed to tho limit. 
If one hustens all tho pi%>cesiso» of dovolopmont by the entploynient 
of warmth and retanb the hatthUig by wdthdrawiiig light and placing 
them iu comparatively dry surroundhigs^ then one obtains .gigantic 
vgga (lig. 9, 3fl3j in which the embryos remain until they have well- 
develop iimI hind legs (3i}. The toads dovcloped from these are 
dwarfed and eggs kid by ihem are of lesser numbers than in the nor* 
mal toad^ and jiossesB from the vary beginning ii great amount of 
yolk, much more than in the usual eggs, and it is a curious eight to 
SCO ft dwarfed male perform hk brooding functioo with tho very 
largo few eggA. If one continued to apply tho same stimuli to the 
eggs, ilien ono again obtained liirvfflp with completely developed hmd 
legs but if one tratisferrocl them into normal conditions ns far 

wi rsKpiiremeuis of temperaturo, light, and moisture aro ooncemed^ 
krvie were obtaiued, which at Imtchhig possessed bud-like hind It^ 
(^€L 

"niirdly, oiia can develop the larviss to tho two-legged Aw%y 

from water, simply on moist ground; in thk, if danger of ileath 
thrcaitona, quo Jiiuwt. return them to their normal clemenu Ttio land 
larvifi (fig* 9, d&tiill tig* S) possess a thicker akin than llio aquatic 
larvftv, which b easily oliBcrvcd by the fact that in tho aquatic luxvea 
only (comp. fig. 9, 2c> the rumpmuscubiture h visible through the 
sldn. The land larvn? also a narrower (in^ but Am stronger 

iu the honm tniiT mu^culuture of tlia tail. Tho Umga am subjected 
lo li curious modilleation in tho aquatic larvio; Llicv" are simplcp 
amooth-wallcil tubes in land krvw of the Aamo age they have 
already sejiarated into lobules, idveob, and sacs (5fi), which 
approach^ both m form and structure,, those of tho I'ouipleted toad 
{2E}. Ttic toads developed from Icrreatrial krv^ are dwarfod. If 
one keeps the larva produced by thoa^ again out of water, then the 
ability to exist out of water is inernasoih A further stage (5C) b 
thorofoni reachofl than in the prccoding generation, wliich ox lends to 
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thpi tirufi whfuii thp foro liml^a uro aboiil to cmpt^ and uEJ Adajitaiionfi 
to a terrestrial oxijitoncn now appesnr emphasked- 
Till? foarth cycle of adiiptaLion nnd itihoritain^e. If ono keeps 
graviil midwife looib in a high trinperAtunc (of to 30® C.), then 
they emit the hrf>cMling eiages almre drserihc^rl miit return to Uie 
priniitivo meth-ucls of ri^p reduction peculiar Uj the reni of the toads 
and frog^i. Tlie unuauid I lent fonv^ ihn aniind}^ to serk c oolness in 
the w-utiiF basint which k at all times at their flkpodJiL flare the m*Xi^ 
meet and fertilization and aviiKieitioti take place. But the mooiimt 
the ^dnHno eapsulo of the c"g eomea in contact with the watcr^ it 
swdJa dig. % iletail fig, 4a} and Jobc^ its Tiscosity and therefore its 
property to draw itauif tightly about the thighs of the male later upon 
drying. The male is therefore unabla to fastpo it to its poBterior 
mcti^niitiee^. Tlia string of thoraforo remains In the basin^ in 
which a few of them doYcIop in spite of th* changed cnndiiiona. 

In the Hfime proportion in which the aeaking of the water and the 
coniploling of tho reproductive procinsses without brooding bec^omc a 
habit-j fid that the animab even without the Btimuhxa of high lempera^ 
ture conduct themselves in this, manner, do cprlain rhanges (u-rur in 
tlin eggs and lan'iu ^hich ciUTespoiid to a closer approach to tho 
original methijek of reproduction of toads. The number of eggH and 
their ability to develop in water hecomce diHudnlly increased. Tlie 
oi^uatio eggs poswics^ a leaser atnount of yolk than the terrestrial 
and are therefore smaller and different in color, but owing to their 
swollen gelatine layer, they appear just as large as formcriy. From 
these eggs emerge larvie which belong to an earlier stage than those 
noitnally prorlucefl, reprtaaeiiting an intennediate stage between ihb 
and that of the rest of tho toads, Tlujy possess ex tern a E gilbip of 
which tho midwife toad 1 ih 3 only a single pair (the pmteriorh (llg, % 
detail fig^ 4S)* Toads produced from such lan^a& am distinguished 
fn:nii normally produced individuak by being considerably lai-gur. 

In order to tost the Inheritance of these repmdnctive ndaptations 1 
permitted aquatii- eggs derived from animals which had become 
accustomed to this mode of oviposition to develop under normal 
condiLionsp in a room in which tho control animaJs are kept and in 
which these have kep(. normal. If the reproduction adaptation Imd 
become a changed instinct, then the tmnsmk^ion left nothing to be 
desired in the w^aj of diatinetnrAs. The sexindly maturiMl young 
midwife loada souidii Ihc ivater with the beginning of their firat 
reproduclivc period unit dpposU^^d there tlieir strings of numeinTja 
smallp dark-colored eggs wdthout bestowing any addltiorifiJ attmtioD 
upon them. Tho aquatic eggs of later generations are still smaller 
mi possess still thicker investmentfi, the additional gelarine heing 
obtatncKl by a shoHening of thoapaces between the. egga in the string. 
Tlie larvae of T&ter generations, derived from aquatic eggs (fig. % detail 
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%s. 40, 4D)i BhoTT An in ildfk pigment, & ivHuction of the 

yolk to itA <;oinplctc retrogresfrton Uii well da changes in ihft gills, 
'which become Khortcneii, BimpIifiiKl, and cfiarspr, ami while iLsuallv 
only Iho liist of the gill archer of Ihe skeleton bi-ars a gill, these appear 
on three of the free nrchesi in the fourth generation (li?). The malcB, 
probably on aemunt of the dinicuJty of clasping the female in the 
water, have cJevdopeil as an arlaptation eoanw Bwdlinga on their 
thombB, and also strengtlieni-d tlie musculation of the arms, which 
lend tht‘ forelimb a mure inw^ardlj iloied uppesmnee. Thcao are 
cxtetnal sexual characteis which hohi good in toads and frogs i.hat 
mate in the water, but which are not normal, for iho midwife toad 
normally mates on land. 

The brooding instinct, or its absence, are peculiar!tiis which fall 
to the let of the male in the midwifo loml. The character and devel¬ 


opment of the egg, on the other hand, are everywhere derivetl from 
the females. To eriias normal midwife toads with such, in which 
the nproducuve processea had U-eti changotl, presentcil some faa- 
rinalion. ]n our iliustralion (%. lOli we have shown a' fiormal 
mole f7 f ) with the affixed egg chain upon its thigh, in order to indi¬ 
cate that i| will, if necejsaiy, actually carry out the function of 
hrooriing. The changed male {S <f) is larger and has left the egg string 
with the smaller darker eggs, wliich are aurrounded by a swelled 
capsule, lying unnoticed alongside of him. Tlio normal females 
appear in the empty white field; it dupoaits its eggs, ns we know, upon 
tho earth. The larger changed female is in the shatlcd field becauae 
it deposits its eggs in the abater, 1 cross in the one cose (fig. 10, detail 
fig. 7P1 a normal male with a changed female. Uic offspring {fig. I > 
prove at their first reproduction to bo perfectly normal; tho males 
brooding, the fenia1« depositing their on land. I thought 

nothing leas than that the habit chango on account of the introduc¬ 
tion of the norm 0 1 male in the parent generation had passed out. 
^as, they reappeared in the second generation (f,) almost exactly 
in a quarter of tho offspring, the remaining threo-fourtlw of the 
second gimoration being normal. ,\ji opposite crossing, a norma] 
female with a rhanged male (fig. 10, detail fig. SP), ;rielded the 
following results: The first generation (F,) takes exactly after the 
male parent; that Is. all tho inrlividuab exhibit the reproduction 
changes resulting from the experiment, the fetnaJfs deposit the eggs 
m the water and the males do not hroo<], Tim second generations 
one-fourth normal and the remaining three-fourtks are changod 

Let ns now note the following Achemo (fig. llh Itcorresp^ds with 

the expertoiicps which have frequently b«n obtained in croadim 
raci^ of plants or anmiah, Xamely, if ono erosaeg a "darit’' with I 
-light” race (fig HP), then one of the two peenUaritros alone b 
dominant m the daughter or the first filial generation (Fj), for ex 


exam- 
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p]c, the ono. If on-s produi-eri a aw’ond filinl gimemtion trom 

Apiurof this apparently dark race, then *'dark'' Ji^ain b dami- 
naiit but only threcv-fourths, ‘adiilc the reTnaininj^ fmirih is *4tghi** 
and caUAfw the ''light" of thv g^mndparent to reappear, ff one 
breeds from the ''light,'* then "dark^* never reappearsi the "light” 
b and nemams pure. If one continues to bn^ed the tliree-qiLarter 
"dark" together^ then onc^fourth continues to breed pune "dark," 
whichaJwaysyieldls "dark" offspring, but tho remainii^ two-fourths, 
when brcfl together^ yield in tho third filial generation another 
splitting into thrCie-fourtlis "dark,** of which onc-fourth is pore 
atruin "dark" and two-fonrllts mixcKh and one-foniih which is pure 
"light" strain. This continues m long os the inbreeding pemiita of 
the development of offspring. This inheritance scheme, of which 
our picttirc cites the simplest possible is called Alcnders din'sion 
'Scheme or prevalence rule, after its discoverer; that peculiaril? which 
is entirely prevalent in the fimt generation and tlireL'^otirtlis in thos^e 
follow'lng is called the dominant^ and tJit? nopne recessivs U given to 
that pcf^uliarity which b stipprcssed entirely in the finit giaieration and 
reappeara in one-fourth of those that follow. The nomericat arrange¬ 
ment of thesi' peculiarities in the progeny b usually noi influenced by 
the sex of the parent bearing the dominajit or recessive properttra, 
Thb, however, is not tme in the case <d our crossing in the midmfe 
toad. 

It is trtje, however^ that these experinients fall in line with Men¬ 
ders law', but the dominant factor b attacbeil to the male, and a 
change in dominance depends upon whether w'c use n male possessing 
tine or another iicHcuUarity. On the other hand^ the recc^ive char- 
acter in the case sif the midwife toad b attache<l to the female. I 
feel conviuced that thb imusuat chango in the dbtiibution of I he 
habit between the two sexes which w'e have considered is of impor¬ 
tance. But tbb b secondaiT compaivd with the imjjortant result 
that acquired characters not only becofne transmitt^ but in the 
mixing with unchanged characters they follow MendeFa law\ The 
acquired chametert thereforCi has a chance to erjiiip forth pure, in a 
certain percentage, from the mixture of characters, and b thus pre¬ 
served. To this attaches, as Ave shall Irarni a high degree of stabilitv. 
The new character must ha^'o ceased to be a changing or umi^jal 
things it must havo birCn traiisinitt^Hl to the ojganisiii, wo may 
say, in Hesh anrl blood. 

Next t<j the uudw'ifn t.^>ad, the fine salamander (S<damandiy^ mutu- 
j0«a, liga. 12, 13), w'hich livea in mobt wcH>ds, has become a favorito 
Ilf mine. If kept for sovcral years upon yelJoAv clay {%. 12^ P mw), 
then hb yollmv markings hoctimo enriohed at the expense of the bUrk 
ground color. If half of the offspring of individuals which have thus 
become very yellow (fig* 12, F\ n>w) be raised on yellow soil, the 
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amount of yoHow and appoare in broad rogulat-ly distrili- 

iited Jongitudioa! bauds. The other half of iUift offspring if grown 
on dark soil beeome leaa yellow, always, however, in close relation 
with the oppogiag iniiiience of the <solor of the immmndmga, and 
likewise in a regular order—in this instanco as rows of spots dong 
the sides of the body. 

If the parent generation of tho firo ^amandor bo raised on Idaok 
giutien sod (fig- 13, P row), after some yearsi it beoumi^ laigelj black, 
while the young kept upon black soQ (t\ row) have a mw of ^inall 
sprats on the middle of tho back. On tho otJior imnd, in young w-hich 
in contrast wdth tlndr parents liave l>eon raised on yoHow^ sod, t bc^ 
spots fijsi^ into a band. 

If we use yellow^ paper instead of yellow soil and begin our exfioii- 
ment, as wo di<i i>efore, with scantily Kpoited individuals, tUen wo 
obtain enlargrinent, but no mcreoso in the number of the sp>ts.r 
If we take bWk pape^r, then wo i>btani a nduetion in tho sm of 
the spots without reduction in intensity of coloration. ITie young 
bear the few spots in the middle, whUe the normal young from the 
eontrol brCKnl in mixed surroundings at once prodnoo an irregular 
pattern of markings. 

Heavy moisture produces an increase of tho yedow, but only bi 
the number of spot^, none in the siste of the spots. Numerous but 
still small spots may be obsenred in the progeny put back into less 
moist anrroiinditig5. Comparative dryness results in loss of biii- 
liancj\ but not in loja^ fif alste in the spots. The saiuo phenomenon 
may "be obson^ed in tho [irogeny which is again kept moist, csjjeeially 
when comparted with the control hrootl which ivas kept under uni¬ 
form couditicuis. 

StripecI fire salamanders occur not only ^ fancy priducls of 
breedingj but in some pl aces {as in north Geitnany and sou (.hem 
Italy) they occur also in nature. If such esatqples he kept upon 
yellow sod, then tho interruptions which may occur in their stripea 
arc fiUod out and the completed bands become wider ojid send out 
oro^i^ bridges. Lf^ on tho other hand, animals with oompletc stripes be 
kept on black &oU, the etripc^ become narrower and break up. I em¬ 
ployed striped sidaiiiaudera foriwiotlier©.xperirnGnt, ushig jiomo which 
had been caught wild and some produced by ariidcia] rearing from 
spotted individuals. 1 cxelumged the ovaries, graftbg these of the 
striped salamanders upon the spotted ones and that of tho spotted 
fiolaniandcr upon the striped fetnales. I can not enter upon tdl the 
combinations of thfsse exiHirimrats, cspednlly not upon the use of 
suitable moli^i which tn the attaining of safe results become very 
much involved, and would n>quii'iD much repetition. But the follow¬ 
ing result will hardly be altered: The ovaries taken from a spotted 
fvmalo which w ere impknted upon a wide striped femalo uniformly 
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yielded spotted young, ’whUe the (vvariea fmm a spotted femule im¬ 
planted on an oxperiinentally changed striped individual yielded 
spotted, Blriped, and interrupted striped young. Ooimnonly ex- 
presaed, reached the following cdnolusions: 

1. If one deals mth oomplcted race characteristics which have 
become established in the foreign body, the so-called nurse, then the 
progeny will correspond to the characters of that individual from 
which the ovary originated, not to that individual into whose body 
the ovary has been transplanted. 

2. If one deals with only recenlly ocquirsd, newly produced, or 
other characters which have been taken out of their equilibrium, 
wluch in tlifl body of the nurse may qunntitively diniitiiah or increase, 
or may be on the point of Incoming quantitively chan^d, tlien the 
prngenv resembles, at least in part of its clioraotera, that individual by 
TVlxich they were carried in tlie undeveloped state. In tlus case only 
tliere pas^d from iho bodily peculiarities, wliich were still easily 
changed, bring as it wore, stiU new and unaccustomed to their pos- 
sessor, a sufficictitlr strong stumilus upon the reproductive elements. 

Tiieso results may at some future lime prove valuable in harmo¬ 
nizing thci contradictions which have roBultod from tiie experiments of 
other inveatigotions in ovarian traiifiplantation. For Guthrie, by 
exchanging the ovaries of black aod wiuto cbiekeQ.‘t, obtained an 
mduence upon the chicks through tho colored feather coivering of the 
nurse. Magnus obtained the same msults in black and white rabbits. 
Hcape, on the other hand, in transplanting fertilized ova from wiute 
Angora rabbits into gray Belgian hares, obtained no such influences; 
nor did Caalla by ovarian transplantation of black guinea pi^ into 
white individu sis ; nor FoU, in tlie same operation u pon gray and white 
mice; nor Itforgon in operating upon Ci&Tta intt^tinnlis. 

My exporiraents in transplanting may sen’e to straighton out the 
controversy between the so-called neo-Mcndclists and neo-Lamaick- 
isls. Lot us therefore return briefly to our ciossing experiments with 
the midwife toad. Each hybridization is in reality a transplantation 
of the germ elements, in s noaoperstive natural way. We noted that 
in a body with entirely different properties, those germ elements which 
were carried over into it during coition retained their own peculiar!tiee, 
often with the greatest persistence; even to such an extent that they 
always reappeared imchanged in a certain percentage of tlie nffapring. 
It id possible, indeed probable, that we are now in possession of the 
explanation of these phenomena, for we are deaUug always only with 
weU-fbeed, old, constant peculiarities, which no longer exert a form 
or color-changing atimulua upon each other or their surroundings. 
In our midwife toad we are also dealing, not with peculiaritiw which, 
in the strict sense, arc now, but with reawakened old peculiarities 
flSSBO'—OM 11W2 — 2» 
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whicKha<l lost—a resuniiikg of the abandoned Unesof dc^'cdop- 

meiit of tho forefatherH, It wrae on account of thk that these roTfir* 
siona or ataTistic eliaractcm could be carried to a hifih or at least 
sufficiently balanced degree. IflLese had been newly acquired cliar^ 
actors and transiniasiblo in pure strains, tlieir divciabn in the lilende- 
Uan sense would nevertheless liavo lieen impossiblo, for I have tjcen 
convinced of this recently by completed control experiments «iLh 
animals which had enjoyed tho poculiar adaptation for a short period 
only. In tliese, neitJier of the two peculiarities of tho parents is com* 
pletaly dominant in the ofTsprings, but they stand midway between 
tlieir producers, and the acquired cliaracter palca, fadca, becomes 
enfeebled, and is finally lost. 

I do not wish to close my observations without considering Ann ihar 
phase of the inheritance of acquired character, namely, tlie trans^ 
miseion of acquired disease and the transmissinn of acquiredreabtanca 
against toxin. 

Strictly considered in tho light of experimental investigation, we 
possess only the dassicol experiments of Brown*S6quard, Westphal, 
and Obcrsloiner that deal with transmission of disease. These were 
responsible for epilepsy produced in the guinea pig by operation. 
Brown'-Sdquard an*! Dbersteiner severed some cords of the spinal 
cord, or more frequently the iiip nerve in their guinea pigs; Weatpliol 
tapped them on the head with a hammer once or se\’eral times. 

Tlie most marked results of these interferences eonsUt in epileptic 
cramps, as well as on occasional change of the eyeball, namely, a 
wliitish dulling of the cornea and protrusion. Tiiese changes pro¬ 
duced by disease are found again in a port of die progdm" even the 
second generation possesses at times a tendency to epileptic attacks 
from the first without a repetition of the opera lion. These experi¬ 
ments have since been twice tested; first, by Sommer with completelv 
negative results; but this can scarcely be considered conducive on 
account of the limited amount of material experimented upon; and 
second, by Macisxa and Wrxosek, in which the older observadona 
were completely verified and their scope only slightly restricted by 
the fact tliat incomplete attacks could be produced In a few healthy 
young, from normal parents, a fact not obsen'ed by any of the previous 
investigatom. 


As fisgords the inheritable transmiarion of protection agauMt bai> 
terial or other toxins, we have the pioneer experimenta of TOIvr lj^ b 
now famous for Iw remedy for syphilis, on mica protected against 
nzm and abnn; alw those of Tizaoni and Cattoneo on mica protected 
against tetanus and rabbite protected against hydrophobia; finallv, 
those of Behn^ upon rabbits protocted against diphtheria; but thi^ 
are not quite beyond challenge, since the transmission of toxin re^istr 
anco upon the progeny was then observed only when both p'arente or 
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ftt IcBst tlve female, was protected against toxins-and not when the 
male alone ptissessed thb peculiarity. The doubt was therefore not 
excluded tjiat the iransmission may have taken [dace not by tree 
inheritance of the undeveloped gernit but later through the placenta, 
or even bv way of the inillt of tlie mother, wliilo numtng- TJte latter 
possibihty appeared all the more reasonable, since ana^ous experi¬ 
ment by Lustig upon chickens protected against abriu in which Ih>Ui 
of the questioned sources of error were eliuiinatwl yielded com¬ 
pletely negative results. But final positive proof was funiished by 
experiments made by Gloy and diarrin, who, by the use of rabbits and 
the toxin produced by tim pu&^producing BaeiRv* j)yoq/an€W, 
achieved that wliich Ehrlich and Ids followers had been unable to do, 
namelv'p the transmission of the resistance by immunity—in tins case 
egmust a disease-producing poison produced by bacteria—through the 
male alone. 

Thin wonderful new result, together with all thoeo jnieviously 
attained, opens an entirely new path for the unprovenaent of our 
race, the purifying and strengthening of all humanity—a more 
beautiful and worthy method tJian that advanced by fanatic race 
cntliuaiaste, which is based upon the relentless stregglo for existence, 
through race hatrwl and selection of races, which doubtless are thoi^ 
oughly distasteful to many. This will never save human society 
from degeneration; it udll not qualify man for greater efforts or 
higher aims. These must bo acquired solely and alone by our own 
labor toward a well-determined end. If acquired characters, impres¬ 
sions of tho individual life, can, as a gmu'rid thing, bo inherited, 
the works and words of men undoubtedly belong w-ith them. Thus 
viewed, each act, even each word, has an ovolutinnary bearing. 
The acquiring of new characters may prove an inherited burden if 
unhealthy conditions and oTerindulgence, or lack in all thbgs, or 
bad passions ruin our body, and therefore our reproductive cells, 
so that even good germs become strangled in it. But tho active 
striving for definite, favorable, new qudities will in a like manner 
yield the power to transmit the capabilities which wo have acquired, 
tho activities w'hich w’e have busily practiced, tho overcoming of trials 
and UlnesB—^xvill leave somewhere their impress upon our children or 
our children’s children. Even if ever so mueh weakened; even if 
only in disposition or tendency, not in completed form; even if com¬ 
pletely concealed for generations, some reflection of that which w-e 
have been and what we have done must bo transmitted to our 
descendants. Wo know, unfortunately, all too little about this, be¬ 
cause well-planned breeding experiments arc impossible in man, and 
because statistical investigation, w'hich wc offered in their place, is 
frequently full of error. Wo are tliercforo forced to draw our con¬ 
clusions from tho better-known case of the plants ond animals; and 
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jusL such mafc fl it Pistil probftbl* tlijit our descendants will 

IsMim quicker what we knew wdl; will nsecute eB3i<!r what wo accomr 
pibhed with groat cffiirt; will bo able io withalund what injured tis 
almost to tho point of death. In a word, where we flOiight, there 
they will find; whero we bogan, there they will acoomplbh; and ’ivhGre 
w'e are still fighting T?Hnth uncertain rfs^tjltdj there they will bo Yictu- 
rious. 

EXPLANATION OF PT^iTK P^IOURES, 

Feo. l.SUjyp^ anlmuhi^e (P^&iieeiuiDj -^1, ibhjtb on1?ir^, and 1 q» 

Kliematic; la. otTqrKriEig remilOiig hy fiision firnn im cjuimple wliieti halt bwsn 
Hiirtiyrrnd by hiiDgcr, cveiy Umo ■oao oflapriitg with a lianililc© prTx:^wi'j incom- 
plcte tbe fusion nsmain nttiiebedi to cath odier. (Afto^ Jcnnmga 

ftTiid BIrCleDdfjn, tram Prdbraiu'a Eiperimentalaiocilagi^, voL a.) 

Yiq^ 2.—Aeafb» 3 Tta SrmjiTVohiL—Upper lefb’band figuie nomml wr>nn, T, lindiliaagi 
fi, % wtjun in whicb it-t* end wm ciit in ifpite ot whtirli now wumi u bud- 
diflg in aT; h, bad fiut-d isitli the bUmi part, in bTr prudutiing. In Bpite M tbi*. 
unmbernannal bud. [Alter Smlfi. litan Przibram's ExpcrimeiilalEwlogic. vt>l. 3,) 
Fui. 3—Unmawiluj.—Above nottnal wotin An ?mwr[or, B5, poeteriiT wmentSp 
whleli nr^ cnt awny and pnxtm?^ iniLi. b; In o smdj b ibeao Boparate^ tAfla hflvei 
arqnuthd nev holds; in n and b the latter Imvis eaeb grown another cct of inals. 
rAiterAtofgulu, from PmtE^i>ExpcriincTitAkoolagie, voL 3.) 

Pia, 4 ,_X]u^ Appmrh of ibo !5aiinocrimflcean (ATi<3nia) [1) to PmnrhipnB (2>. 
When the silinc extents of roedinw aie reduced, la-f, gfudationa of the pcn- 
lerior Begtneat nf tbo nbdocnen of U:ia SatbetrrLuflnecan; 2^. poetonor K^ftmcnt ol 
thft abdoaicti of BnmebipuB. (AfUT gelmiAzikewiucb. frotn Przsbrum*! Esperi- 
tnenEjiboolijgie. vol, 3.) 

5.^A muter flen (BjuiydaphnLft). To I he? Ipfl higb^ right low Iw^bnpd fpmidoo^ 
with in tiw? bitiod pouch. In iho tniddle wro rho-rerndts of ihrctf expen- 
menls (l-lU), reprsatnilcd by ^€>telL-M of ihe bead ouiline; femaJes; bb, 
j'oung. (Alter Qftmiild. from ^pzibrani'a Experiinentekoolggiep ^'oL 3-) 

Pig. C.—v itfti staining hi ibe moth Ti'micifa frincNtirffa.—A mterpUkr stained with 
Budan rod- N, colored depodtafi by a moth developed from the Ftatned 
caterptHar; 6, nermid^ eolorlesi egg, (After Siiowaku from Prxibnun^B Experi- 
mcn^zoologie,, voL 3.) 

Fig. 7.—Cbimgiog the anaJl willow leaf beetle {Phmt€fra TkslHntiM} tFoin a mmootb 
Itfli (-4) to m eUnngly woolly wiBow leaf (a). In M wopt of the egga have been 
depwit^ npott ihe oHglruil food pknt (ibmpe); In ft the egge have been ploeed 
upon the new food plant. Analog in C, c, D, in wbEch on incresudng number 
ef eggB are deponted upon the new food plant. The immezical difference In 
tho number of the egga deposited Is uMUcaCcd by iho number of circica olougsido 
«f ihe twIgB. To the right below ia iho beetle. (Alter SchrM-er, from Pndbram'e 
ExperimGnUixoologier vol- 3.) 

Ftg, 3^—I>o\'elGpment and meUimorphofiJiE of an ordinary frog, fl, freshly depositfid 
eggs; &p with bwgIIgu capeulo; beforo haiching^ d, freshly hatched b^w; €, 
with external fplls; /, extcTml gillo retiogreasing; f, A* fcicitlejB larvn with mtemol 
gilla; % larvTs wiUi hind legnj i, with die begIniiiDg of front legs; J, with aJJ four 
leg®; wtj after dJaoaitlLjig the horny jaw and nlmoat eoroplnto Bbriveliug of the 
Mil. (After Brohm.) 

Ftn. 9_—Adapmtion of the coidwile toad [.dfyteB o&jtetruimj). 2r normal dc^Tiiop* 
menl; Op egg; b^ frosbly batched Lltsi; c* two-legged d four-legged larva; €, 
newly developed toad; d, tutig of larva; lung of complete toad. 3^ develop- 
ment from "giant egga^; egg; 6^ newly halelied lanw; newly batched nil- 
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■piiB* viOiout DU with devclopmoiii bom gUni cgri. 4, ilcwlop- 

ment fmm "iiqiwiic eggs; a, *gB"; h, Mwly ywng, ulon^'de ol w^ch 

• In Itn he»d with cm pair of eKtcnud gUta; C, In the Huiie w*y iho Ihtb of this 
Em; D* tho ioxtvih. genemtiaa (hm with thrt« paira of gill*), livtw l*rv*J 
EC of^ring of So, land lar?#^ young. % giniit krva; pesOiilly mature 
krv*; 60, Itingi of -une; the oil-priog id Bme. (Mter Kammnrer. irom 
FixCbrunV Ea^wriiDentalMologio, v<ii. S,) * j- 

Fio- 10 .—Ctomjagi between tmmul and changed tnidwlle toad*. 7 , nocmal bfOi^g 
tjrnlo (rf>. wiib chai^, water depOt^ting fenudo (9). «p mrmd kiid dopd^tiEtg 
femaln (9b chan^i liotibitioding maJo (i?). J’p J'o cMMwn; 

grendchiklron. (After Kaiurnwr* from Pmhnun'i E^tperimenmlfiwl*^ 

Fig. 11.—Schemo ol Ihhefiianco accofding to tho Mendeliaii pusvailliig lav^ P| 
pu«nta; Fu children; F^, grpai-gmndchildreti. 

Tm. 12.‘-Coljor ndaptotion o! llio fire siliimaiider {Salammidra moa^Um) to yellow earth 
mod the tmnsiiiia^n of this tukpution with tho appcanineo of a Bymmetrii; 
color pattern in the daughtiT geuoraiiou, **P- line/' Unep denote the celor 
changing proceaA ot a ■iiiglio parent pair of poretita (i*, jKirenta ^JFj)* The lime 
dentent in each two etageflof theF-- line reqaire* two yenre, that of the JV-line^ 
one year. (Alter Kanuneror.) 

Fio. l3.^-Coler adaptation ol the fire fniamander {Saianwmdnt ffiaeufaia) to bhsrk 
garden earth and the tranamlarfon of thhr mdaptntioii with iho mppcnxmiico of a 
■ymmotric color palteni in tJie dmu;^tergoiiermtioii. All dotailaaa in figure 12* 
which ree. (Aftor Kammeror.) 
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Fic. 4.-AIWH0AE^H up AftTEMIA to aRANCHIPUS. ^ExPLANATIDf# OH PAiSR 440^1 

































Sn<iHh|i>ntin Hi-rirtpl, IfllJ 



F«L 6.- Vital Staining in Moth Tineola, iEkplanatiow oh P*be 440.) 
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Fia e.-MEtAMOflPMUsra Of Frog. (Expla^^^tion dm Page 440J 
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FWi 9 .-Adaptation of midwife Toad, fExPLAWATioN oh Pm^ 440-f 
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Fia. * l.-StHEMK OF iHHEftlT^NOE. SDtPlAHAT^ON Ow PAGE 440.1 



Fig. ID-—CROBSSNas BeTw^CiJ* Mouwal and Cmamded Midwife Toaos. iEKPLAWATioN 

ON Page 44D.] 
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5 PAI JSCXSECXIRAFHTCAT. RKI^\TI0NS OF A^'TAHtTTCA.» 


By rirjiaLBf Dimi-eT, F.L.S., , 1 . w^r*. 

AaUami CuTtitoT ofih* AuMtralia^^ Mu^, 5jr*w9. J'"' 


L introdtjctiok* 

Tcstimonv in support of flUorttiiou in iompurature 
Tortiarv AnUretica i. almost whoHy b^^cd on a co^^^ison of tl« 
living fauna and flora of surrounding countnos. 
in eMoral lad by Wallaeo, Sokter, and Hutton, oppc«md tbo id^ 

of In ostendod ^d habitabla Antarctica, geographers hesitated to 

adZ ^ h^Ou^ the arguments for which ky in a foreign fiohl 

w i"t.^ »o.i«(“ >“ '’2 

^pportw, of »> >1» ‘l‘f'7 ““ 

nosition of a disparaged heresy to that of an established Titm. 

* Accustomed to rely on biological ovidanca m the form «f palwn- 
tokgy for important and far-reaching gimeralizaiions, geolo^ 
nmy^ow LTplfrom biology this theory of former Ant^ctic ^xteu- 
S Thereby k acquired a ccrrelauon of cUmato, of time, and of 
rine^t-k ' a new light is thrown on the 

fiiiestion of tlie perniJanMica of ocoan basins. 

It soomod nothing unusual to find a similw fauna and 
10 the oxtont of a largo proportion of identical on 

antarctic islands all around the world. But oolkctors worl^t 

South Temperate and even in South Tropical Zon» were surpnser^ 

find rekted species and genera in oppemte liennspheros. This co^ 
spondence !s more pronounced in primitive groups and grows c e 

^'’p^ Jt was realized when the famous botanist, Sir J, D- Hooker, 
pointed to the distribution of the southern pmee as “ 

Smmon origin. (Huoker. Undon Journal of Botany, voh 4, iS4S, 

The ^relations of a southom fauna linking Australasia to &u^ 
America were sketched firm and clear by a master hand m 
ihlxky’s essay on the classification and distribution of the gallma- 
ceous binb. (Huxley, Proc. Zoul . Soc. 18GS, p. 294.) _ 
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Ai^tiordijig to OrtmiukUp fii^i Rulimefer dofinitoly pt^jjwged rtiiUa- 
tion from ^VntarcticA tm ihu solution of tho problotii. (RuLim^^^or, 
Uebar die Herkimft unserer Thiens^oltf 1857, p. 15.} 

Our knowledge of this aubjeel was much advanced by Dr. U. O. 
Forbes* (Forbesi Roy. Googr* Soe* SuppL Papers, lu, 185^0 Starts 
ing from tho fossil avifauna of the Cliatham Islands^ ho rovicivod iJio 
oomtutmity of southern faunas and interpreted it by imtJirctic dis^ 
tribution. As the means of dispersal he tnappicd a vast continent 
streicbing continueuidy from Madagascar to South America and Fiji 
during the “northern glacial epoch*” 

It was liUggested by the present waiter that a far smaUor area of 
oenlinenlfd land, of an earlier data and of unslabla form, was indicated 
by its sorviving refugees dTedleyi Proc* Roy. Soc. N* H. Wales, voL 
20, 1890| p. 278), and that the last An tare dc phase as reitected by 
these might bo expressed in arms reaching on one side t<» Tasmania^ 
on the other to Cape Hom, whilo previuus phases may have been 
rapresonted by othor rays exiendiog to New Zealand, Madogaacari 
CoyleEi| ujkI perhaps South iVfrica. 

A study of tcmeatrhil and fliniiiiile moUusca induced Ancey to 
subscribe to these guggestioas. (C* F* AjicoJi Joum. do Conch., 
vol. 49, 1901, p* 12.) 

Dr. Ortmann, while investigating the South American Tertiary 
mTerlcbralcs, accepted my amendments to Forbeses proposition. 
To a clear exposition of the subject he added a map and bibUo- 
graphy. (Report Princeton University Expedition to Patagonia, 
vol 4* pt. 2, 1902, pp. 31(4-324.) 

The dialribution of sou them earthwornis was discueaod by Prof. 
W* B. Benham. (Proc. Anstr. uissoc. Adv. Sci. 1902, pp. 319-34.3.) 
In his opinion the Acanthudrilida, a priinitiYe group, <u*igLnatad in 
New Zealand and spread by way of jVntarctica to South America. 
He emphasissed tho fact that the union they ,mdicatod between 
jVntarctica and Now Zealand was not synchronous wntU the Austra- 
Han connectJuii* 

Examinitig the tnammaUan fauna A. Gaudry coojsidered tliat 
unless Tertiary Patagonia w'oa united to Antarctica its paleonto¬ 
logical hislory would be incomprehensible, (Compt* Rond*, voL 141, 
1905,p*S06.) 

From a study of the fresh-water crustacea of Tasmiuda, Mr. 
Geoffrey Smith concludes that certain elements of this fauna ‘'reached 
their present range by means of an Antarctic connection between the 
BOUtbernmoet projecrions of Australia, South America, and Now 
Zealand.” (Trana. Umi. Soc. Lond.^ ser. 2, Zt>oI., vol 9, 1909, 
p. 674 His analysis rev<saled tho preaonco in Tasmania of anoibcr 
element which he deriveil from die northern hemisphere and which 
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ha ^uppo^ad to linvo truTelctl doirii thoAuJpfi^i Chain and to 

AuatraLflia by the jVntapctic route. 

Summing up u biologicid eKamination of tho fioutharu islaiiik of 
New Zoaliiud, Prof. C. (^too concludes; "'The ovidenco jioiniing to 
ftinner extutbiions ol In ad from the tare lie Conlinent northwfUfdj 
and to tha warm climate that was enjoy ad by lliis continent in early 
Tartiaiy timos^ scon^ to offer a fairlj" satisfaclt^ry explanation of tho 
faeta boforo us." {Subaniarcdc Islands of New Zealandt "^oL 2, 
IDOO, p. 4(17.) A full bibliography is iodutlMl in this article* 

Fmally^ Ckbom describoa the hypothetical reeon^truclion of Ant- 
areticu m '^one of the greatest triumplis of recent biological itiveaii- 
gation.-^ C'Tlie Ago of Mammals," lilldi p, 750* 

2. ARO™eKT. 

The distribulion recortls of nTonl and foss^il aperies upon wliich 
the general Lzat ions of the foregoing autliora ileporid have never been 
denied. Iadee<l^ they continuo to incroaso with tho progroes of 
science. 

To other, cmd usually earlier, authors these viei^'E presontod two 
inauperable ililBcultiea* Oue is the extreme chacigo in climato wliich 
formerly permitted temperate and subtropical animals and plants to 
exist where cold is now so intense* The otlier is the demand for Uie 
existence of Tertiary land where an ocean now extends so broad and 
deep as that between Antarctica and Tasmania or New Zedand. 

To evade these difficulties and yet expiam existing distribution the 
foUondng three alternatiYes have been advanced: 

L 

That dec:adent gtoujis were expelletl from their original seats by 
more Tigorous competitors; retreating from a northern center to tho 
ends of the earthy such groups divided into fugitive parties which con¬ 
verged as southern lands approached tlio pole* Or tikeontinuous 
distribution in sou them cotitineuts warii H miply considercnl renmants 
of a former umveiBal distribution. (WaUaca, “The Geographical 
DLstribution of Animidsp" vol. 1, lS7fl, p* 398; Pfefler, ZooL Jahrb. 
SupphToh 8| L905, pp* 4(}7Hr42.) 

But w^hereaa, under the circuiiLstancea pciatulated, tlie nortliem wan* 
derciw would be expected to dimiidsli and to vary as they receded^ the 

i WtLlIfr tHH vtida wu In tJup prA Ifam r»ctbnl ms ad Imputunl mcDuCf bj Hr. TDiMj an ‘^Tbrn 
SJoa-OwiiM JfoUfflC* flf r*t4ifijnJ*(aep^ I'ftbcrtoa Ultiv, FAU^tita^, jh , lOlJ, pt. T, pp^ lilJ- 

SS3.} IfjfrlradcoiaEdHi AntafCtl^niOUf Httmid fH-mlpmUfra.epfciall^u AcnnimiKxU^tbua ^4 
Esittf Af AvbttstivB^ IT* taka fv taj dBrinlkra iof Auitnlbn AenrUn Jtum Antofutin Ktui 

■iiimUtiLAlCbi»fd:i?dpklW9laOQDdvuiiLA^ Ob r iroulitiUa ttipiiitianlbil tin wnth- 

iDcniulnc dtEtrOnalba ef Acatidiii lodkala Ihilr 

Hul ]inT4m» (9 bO ABOLfBlIf H^Dorta Uw Ihhi OBfldwiuLA hnd. Tba Ikfelflbttod 

Uw rcHiimblaBM bil’mtl fait HUd wmL OubUodfa, iwd m cchhqiqd , Prlf<crrfiiaq 

Kvurl^ tUSera lOlfirfMl-iH, AjUtii jPafdflulOlii b.p|u«n to Iutv TEksMaaiiUa reLtUnL 
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soutln™ forms in question b&eiLniG inor* alike and moih:^ niitnGPOua 
prtM'KMlingsoiiUi. Thus radk don rather ihBtieunvt-rgcncoii iDclieated* 

n. 

Tliut binht muds, or circumpolaT currmt^j hj a proctJss of picking 
up atitl satling do^vti piisscDgers froni tlio continents or islands by tho 
wity^ established a unifonnity of famm and flora, Thus,i Dr. Michael- 
son wiit-Ks (Journ. West* Aust. Nat. Hist. Soc*^ ttoL 5* JulVi lOflS, p. 
13): '^Tlioro is no neetl for the supposition of an ancient great Ant¬ 
arctic: coniine at which connec tml Austridia and South Amoricaj as 
soma srientifit: men still suppose, t'ortohi Ht torsi OligotliEta^ con¬ 
sisting of eorylialine futmsj for which the salt sea is no barrierj can ho 
txaTTaportci:l by the wc^t wind drift oYer tho atatiun:^ on the tlilTeront 
islands lyiiig between ono coatkieni and another.^^ 

The flora of the circumiin taro tie islanda* as instanced by Korgucleiij 
was tlvought by W. Sedkimper to have been conYeyed by sea binls and 
ocean drift (Schimper* Wh^nschafL Ergebn* ValdiYia^ yoL 2, 1005^ 
p. 75). Although this might apply to species w'hich recur through 
soTcral ardiipelagocBp sueh would net explain the presoncaof endemic 
plants and on Kerguden Uio occurrence of an endemic snail^ AmpM- 

Such transport accDiints only for a wide range of mdividuiil flpeci(!s 
eapublo of air or water carriage. It has ijoubileaa been a small hut 
real factor in distribution. But it does not account for the eackteiice 
of rdatod and representatiYo spocicsj for the Hubtropkal dement^ nr 
for the species incapablo of such conveyance. Prof. W* E. Eenham 
raises the ohjection that a species might drift yet never land: “ Wlicii 
I stood at thfl top of the sheer clilTa, somo 500 feet to ] ^OOO feet In 
height^ which form the wrhole of tho west coast of Anckloiid lalaiiii 
and saw the tremendous breakers which even in moderately calm 
weatlier dash with incredible force against tho rocks^ I was moiro than 
over convinced that tho wtHt-wind drift can not account ior the 
transference of Oligochasta from the various land surfanea of this 
subantarctic region/^ (Bonham^ '^Suhantorctie lelauds of New Zea¬ 
land/^ voL Ip J909, p. 2M.) 

in. 

That a trans-Pactfic continent conveyed to New Zenlandt Australia, 
and South Amerit'a a common stock otherwise recognised as tho Ant¬ 
arctic element. (Hutton, Proe. Lmn. Soc, N. S. Wfdos, vo!- 21 ^ JSOflj 
p. Bour, ^'American Naturalists^' vol. 31, I897j p. 661.) 

Tills alternative seems the waakeai. Had a trans-Pacific bridgo 
really ilisseminated the sj^-ies under discussion tlien they should ho 
hi^i dovelnped in the central remaining portion (for instance; in 
Tahiti nr Samoa) and least at the extremity C*i3 iii Chile or TjwmaniB), 
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Actiiolly the revere is thi> South AmcriFa ii the inojit closely 

aBsOdialetl with TaamAnia, iheu Jfew Zealtmci h so, Mui the mid- 
Fncific islunds not iit aU. 

These who rcmaicier tlie demand for land between Tasmania and 
Alii art'lira as exorbitant are not consistent in asking bo much larger a 
grinat in the Pacific. 

Another difficulty b why tliat Soutli Americftn centingeni wiiich 
Hooded Tertiary An tart: tica, and then Austniiia^ faile«.J to include stidi 
char act eristic Semth Americaii fauna as the humming birils^ platyrhino 
monkeys, hystricomorph rodents, edimtatfei, or iiotoungiilateB. Dr, 
von Jhering explains (Trans* N* Z, Instj, vol. 24, 1391^ p. 431, and X. 
Jatub. f. ilincrologie* etc.* Beil.-Bd.* vol. 32* 1911* p. 176* pi* v) that 
two former subcontlnoiiLfl of late Mesozoic or early Tertiaiy age are 
now firaed in the present South America. Bolore tlie rise of tlie 
Andos thooo wore separated from each othor by a broad sea and main¬ 
tained illstinrt fauna and flora. 'Hie southern tract* which ho calls 
'^.tlnddplata,” comprised what is nov? Chilej Argentina, and southern 
Brazil. The nort hem area, called *' Archiguy ana^'^ embraced northern 
Brazil, Venezuela, and Gukna, 

It was from Archlplatu that the last phase of Antarctica ha<l Its 
American derivativi^g^ and that at a time whan many fomis now 
regarded as ty]ucidly South American hsd not yet reached Arcblplata. 
Not imtil after Antarctica was released froiii.^hiplata did the httter 
join Archigt^yana, and then the southern fauna suffered tlje usual fate 
from the incursion of the more highly organized nort horn types. 

3* THE AUSTRAL FAUNA ANB FLORA, 

More space tiian is here availablo would bo rt^iuiroil to ennm*nEitc 
the Antan'tio refugees in austral lands. A few of the more stnldng 
instancoA are now selected. 

Recent marsupials are restrictofl to AuatmlaBla and to the 
the monoLrernes to the former* It seems to have been assumixl gen¬ 
erally that marsupials necessarily had a European origin and traveled 
ajjrosB Siberia to Korth America. A shorter connection betw^een 
western Europe and South America by way cf Archhelenia is wt any 
rate worth debate* Had Iho entry to Auatralia been by the ilalay 
jVrchiptdago* opponents of the Antan'>tic hypothesis adYonce, then 
fitragglora by the way should have lingered in the East Indies. In 
Aufltralafiia marnupials and monotremes are least developcil in the 
north; procoeding southwjird, more groups successively aiipear* till 
idtituately Tasmania has* as Prof* Spencer expressed it* condensa- 
tion of most that k noteworthy in the Australian region*^* (Spencer, 
Procp Austr* Ahsoc* Adv. ScL 1S92, p. 100*) Indee^h the most con- 
YUH ing proof of the Antarc tic tbcoiy k the ffi^t that in Australasia tlio 
South American aflinities regularly increase as Tasmania is approac hed 
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niiJ tlierts uiiatn their mtuttmum. Tlioao who Jsny iimrsufiial 
tioB iicroas Aiitim:tica are ohligetl to as3iimo Umt the 'Thylacimilie 
were iadeiMJJiJently eroWed in each IieDiiipheri'. That Tasnumia ivoa 
the point of entry is supported by* the discovery in Tasioama of the 
earliest fossil Australian marsupial. Tliia, iryayordfo iassitina, is 
apparently one of the Phtilangcridm, but the unique examplo is tiHi 
imjHjrfect for poaitive ideiitlBcation. (Spencer, Proc.Zool.^c.1900, 
p. 776.) Local frcologists class the stratiiin in which it occurred as 
Eocene, but Enijlkli lunl Araerican geologiata are leas disposed to grant 
these hetls sucli antiquity. 

If matsupiola had not been available, tlia cose couJil liava hepn made 
as Hear from hpr]totological e™ienre. And, indeed, wore tho verte¬ 
bra t a ilisregfirded, the liyfKJlheiiis could still be ns well pstahUahed 
from tlioinverUibnita or the planta. 

Among tho reptiles, 50 genera of the Tguanidin *iro kno^vn, all of 
which are conjiued to tho Now World, chiefly South Ameiica, except 
one genus in Fiji and two in Jluilagasear. Australian snakes are 
diHsibJo into the venomous and tho nonvenomoua groups. Mi Ih# 
venomous ur(s of the family Elupid®, related to South Amoricau types; 
they focus in Tasmonirt, where uonvenomoi^s snakes are absemt. Tho 
nonvenon]ou.s snakes are of Asiatic or Papuan affinity, and fotms in 
North Queensland, 'nia majority of Austrulian frogs are also akin 
to South American forma. 

A faniilj' of large snails, conspicuoua for the size and beauty of the 
shell and distinct in structural features, called by Br. HIsbry thoJIa- 
croogona, has tho following distribution: In South America, chiefly 
tropical, ilacrocyclia 1 species, Strophochilus SI species, and Gonyo- 
stomus 5 species; In Madagancsr, AmpeliLa £4 species and Hellco- 
pharita 16 species; in tho Seycbellea, Siylodonta 2 specif; in Ceylon, 
AcaXTJs 7 species jin Hio Ifoluccass, Pyroclulus 4 sjiecies; in Tasmania, 
Aiioglypta 1 species and Caiyodes 1 specie; m Eastern Australia, 
Pedinogyro 1 species and Panda 4 species. Tlie Chilian llarcrocyclis 
and the Queensland Pedinogyro by shell characters pair together, 
while Eelicoplmn ts is a match for Pand a. The absonco of this family 
from Saw Zealand, its preponderance of species in Madagascar, of 
genera La Tasmania witii Australia, and Its development in the Tropics 
arc Mmurkahle characters of this old austral group, 

Tlie snail family Bulimididm is cliaractemtic of South America, 
beyond which two genera stray into the West Indies and North 
America, and two others, Bothricinbr^’on and Placoetvlus, occur in 
Austrulttaia. Tho first ranges from Tasmania to West Australia, and 
forms an exception to Antarctic rule by having its distribution center 
in tho latter. Indeed, Bothreimlnyon and the flu via tile crt^stacean 
Chffifaps rawe a Biapiclon that West Australia had direct relations 
witli Antarctica prior to and independent of tho TastnaniaJi Tstlimua. 
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Plttcoetylua attends from Zeidflnd to Fiji and New Gumeii^ 
'“^giving teatiraonj/' jia Pilsl^ry remarkg^ ** to (lie former existenre of 
aii Antarctic limd connacting the austral continents of the two hemi¬ 
spheres.” (Ifan. Conrli., Index, yoIs. 10-H, 1902, p. ix.) 

The Bnprestidie^ a family of large and handsomB beetles, exhibit a 
striking affinity between Australia and Soutli America; so tmich so 
lhatp opposed as Wallaco was to the Antarctic connectioHi he here 
conceded that some exchange between the two areas was required^ 
He Ihottght that it took the form of brrot in floating timber drifting 
round the Antarctic seas in a warm periofL 

Among early Terliftiy Tcgetation brought from Seymour Tslanil in 
the Antarctic by Dr. KonlenskjOld's espcilition, Diisdn has recogni^d 
a species of Fagiifj and an Araucaria like A, {Schwe- 

discha Sudpolar. Exp-, Bd. in. Lief 3, 1908.) In the light of this 
discovery the range of the hving species of those genera scqtiire^ an 
importance for the student of the Antarctic hypothesis, Tho dis¬ 
tribution of the bocch trees b a particularly interesting one, for on 
the principle of Antarctic extension it is simple and intelligiblo^ but 
without it is complicated and inexplicable. 

Tbb genus FoguSp seneu latu, has two rcprcsentstiTOs in Europe^ 
one in Xortb America^ and eeveral in China and Japan. But in 
South America there are 31, in New Zealand 7, and in Tasmania 
with Australia 3. The northern forms are deciduous p but with 
one or two oxcep>tions tho southern ate ovorgroon. Thb genus 
being a natural one is certainly not of polyphyiptie origin, and the 
question before us is, from wbat center of migration has it spread? 
Did the southern specif radiate from tins soutli or converge from the 
north t It 13 a strong oigument for a southern origin tliat the bulk 
of the Hpecics are southern- Again, the evergreen state is primitive^ 
the deciduous derived, and this indicates that tho northernora arc 
ofTshoots from an evergreen stock. Tliirdly, Hie soutliem spcciciis 
jnoro closely imemble each other than any nortbem does any sou them 
form. Even, ns Mr. Bodway (Pmc. Austr* Assoc* Adv* ScL, 1912) 
points out, the same parasite aflbets Tasmaman and South American 
trees. This agrees bietter with radiation from the south than with 
convergence from the north. 

Another aspect of Antarctic diatribution h pr^ented by the genus 
Araucaria. Kune of tho 15 existing species reach the Northern 
Hembphere, so tho complsearion of a boreal factor is absent. It b 
chiefly Rubtropicol and choracLerkes a zone external to that of Fagns. 
In South Amera-a there arc throe species, in New Caledonia eightp in 
Norfolk lidantl one, in Now Ouinea one, and in Australia two. Tlic 
latter pair ore unlike each other, but one, A, iidunlfi, from QuoeaH- 
land, stands very close to the Chilean J. rmJrirtrfu. Tliis indicatis 
that tlie genus bad already differentiated almost to its present 
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i?xtn?me before the migration routo betweea Australia and Soulh 
America had closed- The large and heavy soetk of tiiese trees posses^ 
no floating power and are unlitted for disponioJ by birds* Aa Dr. 
Guppy reruM-ka of the Fijian Kauri pine, ^*^tboy may well bo cited in 
support, of any contmenial bypotJiosis*” (Guppy, **Naturalist in the 
Pflcilic/^ vol. 2, 1900, p- 301.) 

TJie preponderance of Araucaria in Uia Pacific is cnfoirod by a 
related genus Ag&this, If statistics cany a meaning, Fagtia would 
seem id have como to Australasia from America, while Araucaria 
made the reverse journey* 

The remarkable aud weU-knewn genua Fudma uicludea m species. 
Pour of th^o are naUvos of New Zealand, tlio rest inhabit South 
America, Slejdco, and tlio West ln[Jie$, These figun.^ are idmost 
exactly rovemoii for the shrubby evcigreen Veronicas, plants con¬ 
spicuous in any New Zealand landscape, toiaU}^ absent from Austruliii, 
or Tasmania, and repreaonted by a few stragglers in South ^Vmorica 
and Fuegis- 

4. DEDUCTIONS. 

If it be resolverl that the commimity of austral life k e.vplicable 
only by fotmer radiation along Jand routes from tlie south polar 
regions, we reach a position to probe deeper into the intricadea of 
tlio problem- 

In tho scheme propounded by Dr, H, O, Forbes, Llio austral forms 
inliabiteci one vast coniinont, nearly a tJiiRl of the Southern ilemi- 
sphcrc, at the eamn (I Pleistocene) time. But an analysis of the 
fauna in question sbow^ Uiat some groups avoid Tasmania and otLem 
avoid New Zealand. Clearly tlio Antarctica that supplied Australia 
wiiii an abundant fauna of marsupialsj ntonoiremeej anakeai frogs, 
and so on, was not in touelL with New Zealand, where tiicse animala 
are conspicuously absent. Bcnliam has emphasked the fact that the 
Aranthrodriiids, Antarctic eartWorms, failed to reacih Tasmania. 
Wlien they, tho fuschias and other associatea, apre&d backward and 
forvi^ard from New Zealand to South America, it is equallv clear tlmt 
dn> road to Tasmania was barred to thorn. Iredule remarks (Proc, 
Malac. Soc., ’^'ol* 9,1910, p, IflO) that the Antarctic element in the New 
Zealand Poh'placopliora, a marina ntolluscan group, k dbtinct from 
that which rcacheil Tasmania from tlio south. The differences nro 
both positive and negative, and aro not due merely to the more south- 
em latitude of New Zealimd presen-ing a larger proportion of cold 
types. When circumstances allowed Iguanidia to wander from SouUi 
Aiiu?rica in two genera to ^fadagascar and in another to Fiji, the 
Australian road was apparently closed to tliem. 

It becojiicis increasi^ly apparent that the Anliirctir source of 
austral life vcm not simple but compound. This complexity has 
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pTobnbly lh«^ cbkf hindmncti to its rwognition. Tiio proh]<5m 
boforo UH y, the complexity thni of timo or spacej or both? 

Shall we suppose^ for imtEnc©^ that at tbo close of a glacial period 
an Aiitarciic contment bare of life reteivod a fauna and Uora Irtsm 
ono neighbor^ then dovdopod and transmlltod it to another; that 
a subsequent glaciation ewopt all life away from tho polar urea; 
that a warm intarglacial period succeeded when another Iransferj 
but botween different neighbor^; took place? So that tho fauna of 
New^ Zealand might represent tho lifo of one interglacial Antarctic 
phase and that of Aufitralia another* 

Or shall wo consider that Torl^kity Antarctica was an archipelago, 
tho islumls of which eumed such different fauna and flora that 
enugrants fi-om one qiuirtHiir differed from thoso of another. It is 
not yet known whotber tho aroa bet’woon King Eilward VII Lantl 
and Graham. Land is a lobe of the continent or an arclupoIagOj or an 
independent island. {Darwin^ Proc. Eoy^ Soc* A*j voL S4j 1910| 
p. 420; azid liawsonj Geogr* Joum*^ vnL 37 | 1911, msp^ 513 *) 
In tho latter caso it ia ptissiblo that King Edward VII Lftndmay 
haTO joined New Zealand^ while Tasmania wm separately linked 
to South Victoria Land. Undor those circumstances Now Zealand 
and Tosmania may have sinndtanoously imported an Antarctic; and 
yat a different fauna and flora. 

Or bath condiiions of intcrglacia! succession and insularity may 
hava combined in the past to produce present effects* 

Pn)f. If* Pikbry hiia shown ff*roc* Acadn Nnt* Sci, Philad., 1900, p. 
558) that the land moUusOfui faunas of the 3IarqucaiiSf Hawaii^ anil 
Society Islands aro closely rdatedj and that though of primitiTe 
tjTJe they aro harmonic such us befits continental landf. not ii. drift 
E^lcctioii such us oceanic islands haTe. Ho proposes tliem as ^litnoss 
to tho oxkienco of a Paleozoic or early Mesozoic land muss. The 
tree lobeliai^ also testify to tho antiquity and asaociution of these 
distant Pacific archipelagoes. (Guppy, "A Naturalist in tho Padfic/^ 
voi- 2| 19 06, p. 250.) Thoir relations aro with the alpino floras of South 
America and equatoriid Africa* A third of the mountuin flora of 
ITuwiiii is dorived from high southern latitudes* It is now suggested 
that thoso priniitivo contmontal plants ancl atumnls reflcict a merid- 
ioiiid Pacific land ruy, the fb^t Tisiblo vestige of Antarctic oxtonsion, 
jis Tasmania v?a3 the last* To curry a cold flora across tho Equator 
tho land must havo been lofty and continuous* In such a range 
some might seo tho rib of a former totruhochal world* 

Aa tbo Eocene W'as both a warm period and a timo when Imd was 
largely developed in tho Patagonjan area, St is likoly that tho ^Irclii- 
platan fauna tlien or eerher onterefl Antarctica. If tho Tasmanian 
fossil Wynyardia b rightly dated Eocene, then durii^ that ago some 
at least of tho Amorican migrants roachod Australia. 
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"^MieTBas Sew Zealand lA it^ relation with South America, ria 
Antarctica^ apptiais btuh m a giver and a Tooeiver, Austriilia, on 
the contrary, snoina to Jmve made no rotum to South Americft, hut 
to hflva rmieived aJl and given nothing,^ No Eucalypts^ for instance, 
croased from Ta$inania to Patagonia. One explanation may bo that 
Australia was then too poor to afford emigranta. Another and 
more prebable explonatUm h ttmt jUitarcticaj having received a 
fauna and flora fmm Archiplata, was gavered from it before joining 
Australia. Thus a stream of migration would W forced forward and 
chocked backwards, 

Tho austral fauna and flora appears extending in successive zones 
from tho far south to the Tropica, In Now Zealand tho wamith- 
loving plants and animals^ such aa the Kauri pine (a rotation of 
Araucaria) and Placostylua snail ^ have boon tlmiat to a rnirthom 
refuge^ while diminished temperaturo has probably oTctemiinatcd 
others. The jVmucaria and iguanas^ tho freah-wator fish Ostcoglossum, 
are cxaiuplrts of tropical austral forms of w-hidi a long list could bo 
compiled. 

It is unlikely tlmt tho Antarctica that boro this tropical and 
subtropiCiJ assembly reached much more broadly to tho Tropics 
than dofi$ tho present continent. Had h done bo, more traces 
would Imvo boon left id euch extension in tho South Sea Islands on 
the one side or in Si.>uth Africa on the other. 

But if tho subtropical flora and fauna had in the Tertiary extended 
unbroken across the polo from Fuegia to Tasmania^ what then 
bocamo of the ancestors of the present subantarietic and oouth alpine 
life 1 Vfky woro not these frigid forma driven from off the face of tho 
earth when the heart of the Antarctic itself enjoyed a genial climate t 

Tho discovery by Sir E. Shapideton of a plateau 10,000 foot high 
near tho South Polo suggests & solution of tho difficulty. If such a 
plateau existed when tho climate Tvas at its warmest^ then the tropical 
migrants could havo found a congenial climate on the coast, while 
tho ancestors of the Koaoiuako and Kerguelen plants and Airnnala 
took refuge on tho pUtoau heights. Tho inferenco is that such a 
plateau did then exist. 

If tho land connection between tho Antarctic and Tasmania had 
broken down during tho warmest period of tho intorglacial phase, 
it would have l^latod tho flora ami fauna at a time w%on tho cold 
elements worn gathered together on the central plateau heights, 
while tho tomperatB and subtropical elomeats possessed tho .;\jitarctic 
pcriphtiry* In that caao the cold forms would have had no oppor- 

I Orutuuui {TnuL, Am- Philm, Scrc^xu, 1002,p, 1«(^)cvradiitti Uni auMbmi Pitmlaek^m 
itptTiu! fmrn iolc Anfsrdln lud tbiir* hde Odli. nm Ou dbtrfl^tloca gf ibiRjraup in Auk 
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tunifcy to caoope to tlio alpino stations of Kow Zosland or Australis, 
or to occupy the subsntsrctio islands. 

The conclusion is thorefora drawn that tlw land link was nudn- 
iainod during the period of refrigaratioa, ond tlist from the Antarctic 
focus first the subtropics], then the tomperato, lastly the alpine 
forms were expelled, each to gain a fresh footing in lower latitudes. 

possibly associated with the formation of groat ice massoa, a 
paroxysm of diaatrophic onorgy ensuod. This, which perhaps has 
not yet subsided, effected the destruction of the antarctic bridge, 
and to it may be due the recent disarticulation of the Dominion 
of New Zeidand snd the seTeranco of Taamama from Its parent 
continent. 

In the long perspective of past time Antarctica appears to fade 
and form like a summer cloud, now extending a limb, now sheddbg 
it, now resolving into a continent, now dissolving into an archi¬ 
pelago. At present it lies dead and cold under its white a'inding- 
sheot of snow. By the light of the ma^cian's lamp we watch the 
summer of the cycles dawn. The ^ow of life returns, the ico mask 
melts, green spreads a mantle. At lost a vision com<» of rippling 
brooks, of singing birds, of blossoming flowers, and of forest glades 
in the heart of Antarctica, 
ssseo*'—su 1 01 2-90 








THE ANTS .ViSTD TmTK GUESTS;^ 


By P, E. Wasmauk^ S. J., 


[yyith 10 platrt ] 

One hundred years ef- biological iuTestigation of anta have pjjssed 
sincep in ISIO, the Genevan Peter Huber published hla *' Rocherthcs 
sur les mcDurs des Fourmis indigenes Therefore ^ sinco U'ft cele¬ 
brate IMb y^ear a centenan- of ant bioIog)% let us fust briefly review 
the development of mymecology. I to dbaracter is a truly interna- 
tional one, in that mTcstigators of the most distinct countries and 
nations have participated in it. 

The of antSp already founded by Lairaille^ received a 

now impetua through Gustavo Mayr about tho luiddle of the previous 
centuryv Toward ita completion August Ford, Carlo Emdjy, Ernest 
ADdr^iW.Mn Wheeler, Ku^tsky, Santsclii, and others have distinguished 
themselves, so that wo now know more than 5^000 species and sub¬ 
species, living and fossil, in this family* The anatomy of anta hoa been 
greatly advanc4!!d through tho older works of Mcinert, Forok and 
particularly thrtmgh the numerous publications of Charlca Janet. 
Keccntly one has turned also to the microscopic study of Uie devel¬ 
opment of fie polar bodies within the eg]^ of ants, Ifowever, that 
which intcriDsts us most hen? U the development of bioxxomiesp tho 
knowlodgci of the behavior of ants. 

T1u!i w^urk of the fatlier of biological ant study, Peter Huber, has 
been euccessfuUv -continued bv August Forel and later by Rudolf 
Brtm in Switzerland, by Carlo Emery in Italy, by Sir John Lubbock 
(Lord Avebury) and recently by Horace Donktliorpe in Eoglondp by 
Gottfried Adlers; in Sw^eden, by Ernest Andr^, H. Pi^ron, and most 
csirpecially by Charles Janet in France^ in North America hy McCook^ 
later on by Miss A. Fielde, Mbs Buckingham, and througii numerous 
important works by William Morton Wheelerj in Tunisia by F. 
Santschi, in Algeria by Y. Comotz, in Russia by Earatvaiew-, in Japan 
by SL Yano, in Brazil by H. v. Ihoring, E. Goeldi, and Huber^, in 
Germany by Mebmcyer, Escherkh, and Rdchensperger, in Bolgiutn 

t TTUul&t-^l br Iwm 1^ Inlcnuacnu] [l'aiiEaiDf>]D|:l9p nrilttaH CAusoit, U^IQ) 

tvi. 3, pp. wua adiI idaiLkun hj tUm uttuir. 
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hy de Lannoy atid Bonriroitp etc. The nnmes of those investigators 
who have especially distiiigaiahed thcmsclTea in Eepa^ftt^^ bmtich^ss of 
ant bionomics—the knowledge of the relation of nnta to their gneats^ 
the study of the miwlo of foundation of the ant colon ics, the develop¬ 
ment of Bodal parasitiam and of alaver>% the in^-estigntionfl of the 
fungus gardens of the leaf^eutting ants^ the construction of the nests 
of the highly intciratiog weaver anta, who use their lame as weaYer's 
shutileg^ etc.—arc mneh too numerona to make their sepamto men¬ 
tion possible in this brief space* 

Through i^ rapid pmgresa in all direcdona the inoilem study of 
ants has become on the one hand such r richly developed and richly 
ramifiod special science that it is no loiter posdble for the individual 
investigator to magter the entire field* Division of lalHir, th^Teforoj 
more and more took place, particularly also itI the mvestigatioii of the 
myrmocopbilous Arthmpoda. which dennftnds tlte collaboration of 
BpCM>ialisLs in the most dbtinct classes and onlers of arlhrnpods. 

On the other hand the bionomic science of ants, particularly, haa 
stepped forth from the confine of a special stnence. Cninparative 
psychology has in an increased measure turned ita attention toward 
the psychological valuation of ant activities. The tlteory of descent 
has found among the ant guests a multitude of interesting proofs 
for the formation of new species, genera^ and fa^nilies of insects 
through adaptatioTi to a myrmecophilous life. It hoa also found in the 
hypothetical phylogeny of social parasitism and of slaTcry among 
the ants one of the most instructive examples for the developmimt of 
mstinct. Social science has even mode the attempt U> find in ihe 
ant communilieo the prototypes for human social customs. But by 
all means it must ho considered here that the ants^ in spite of the 
great analog}* which aho’ftTi itself between many activiti^ of their 
social instinctii anrl human mtcllectual acts* arc not miniature human 
beings, Scientilic ant stucly has long aigo withdrawn firom the romou- 
tlckm of huniannEation and sees in the -WDnclotful accomplbhmenta of 
the little ant brain instinctive activities, which, how^everj within cer- 
tain ImiitSi are plastically modifiable through sensory experiences of 
tlie individual. Science can therefore neither accept the anta oa mere 
reflex machines nor as mlcllectual miniature humans. The truth with 
rcganl to the psychology of ants hes rather midway between these 
two extremes. 

For lack of tinie I muat unfortunately deny m}*self a more detailed 
dcvelopineut of all these highly interesting relations of ant biology^ 
and mmi limit myself to placing before yoUj with the help of stereop* 
ticon pictures/ soma especially fascinating main points in the Ufa of 
the ants and of their guests. 


101 Uii fO lutan iJIds ^Itlve |AiQ»otilja fan la Inn nrfmdiML 
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■ AJfTs AND TIIEJB OUtiTrfl- WABMANS. 

1 .—OIWASIZATION OF THE ANT SOCEETIES. 

Tlio siJuplo imt colimy represents n family iu Uiu jii^mwer or wider 
SBnse. It comprises one or mora generaliotis of the (ioscondtints of 
one or more femaloa of the same species of ant. The tribal mother 
is tlio fertlU^fiil qiieeGj who has founded the colony* TThe descend^ 
ants are in part wingless forms of th© female seXj the su’Called workers, 
in part young winged males and females, and in part also others, still 
young, though alrsad}’ fertilized and deviated, i^t^oons. The worker 
cast may again divide itself into different forms, namelj', into true 
workers and into soldiers, which latter are distinguished from the 
workers by the prodigious structure ol their headji or mandibles. 
Soldiers occur among our Palearoiie ants only in a few genera 
(Colobopsis, Cntaglyphis, Pheidole), The workers themselves can 
again divide iiittJ large and small individuals, of whieh the former are 
Bometimoa, ns for example in Campotiutus, veritable giants hi com- 
parUon with the latter. This dimorphism is much furiher developed 
atill in e.\ottc genera, like Pheidologothon. In some species of ants 
there are found at the side of the winged females, which shed their 
wings only after pairing, wingless true females as well, the so*called 
cigatoid queens. A tj-picol osample of these, which was already 
known to Peter Huber, is offered by the amazon ant {Poiyfryiis 
(compare fig. 8a).* in the tropical legioiuiry and driver 
ants (Eeiton and Dorylus) even wingless females alone occur, and 
moreover of relatively enormous size. In some species of ants there 
is eves a manyfold plcomorphisia of the females which finds expres- 
flion in different transitions botw'oon females and workore. Much 
rater are the wingless, and then mostly workarliko (cigatoid) mules; 
they are known in but few species of ants, and occur either along 
with the normal winged males or as the only uiulu form. An example 
of the last kind hi shown in the shining guasl ant. i'hrmicojsentw niti- 
daitis <fig. 1), where the males, on account of their groat similarity to 
the workers, remained unnoticed ;iS years, untU Adlerz discovered 
them In 1884, 

With many species of ants one eon find several queens logetlier in 
the some colony. With our hill ant, Fonnua rajit, their number iu a 
single nest may even reach toward lUO. Furthermoroj an ant colony 
may possi^ several nests, which are simultaneously or alternately 
inhabited. So-called seasonal nests, which aro changed according to 
the timo of year, have been observed, for example, in ^brmicu son- 
guinta and Prenolepis loftginornis. By the plurality of queens in a 
single colony the ant states differ strikingly from the states of the 
honey bees. The latter bear by comparison more a monarchical, the 
former a republican character, since the queen with the ants forms 
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the center of the instinclive acthdtic?3 to a much le&s degree than with 
the bee^. The greater individual autonomy of the ant workers* iti 
comparison with those of the bees, mta perhaps in largo moasure on 
tlieir greater longevity^ which in the fbmicfl sjh^cIcs k geacrally 3 
years. The duratiou of tifo of the queeiis may even exceed 12 yeois. 

PoljTnorphmm forms, it is true, the organic basis of ihe ant 
aocbilos* establishiug division of labor between the members of the 
same colony. But the evolation of the organic-psychic p«>tcntiwlitio3 
slumbering witliin tho egg results through the nursing instincts on 
the part of iho wi:>rkcrs. What i$ inteiided to be a iiialo or a female 
appears* flimilarly as with the bees* to be aheady dctermin«l in ad¬ 
vance wuthin tho egg.* But upon the dilfercntiation of the various 
forms of the femaJo sex ouniinghas a determining influence. From 
the ferUlissed eggs of one and the some Formica quoon thmi may bo 
reared either winged females or wingless workers i^r int^fmiediato 
forms* Particularly thoso mixed forma dc$igtiute<] as pnoudogyneiSi, 
which Tve shiJl find to be an effect of Lhe Loroechusa-breediitg* offer 
proof of tMa explanation. 

2. SOCIAL FAEASITISI! ANI> SLAVERY AMONG YITE ANTS. 

If the p^Jpulathul of an ants' ucsl bolotigs to a single species of 
ant it is called a simple (uiunLxcd) colony. If, however, it is com¬ 
posed of different sptH-ies of arils* we apeak, according to Forel'a 
example, cither of compound nests or of mixed colonies^ in tho former 
the ants only live aide by sidoj in the letter they combine into a 
eingle housekold with common care of the young. These ore tho two 
subdivisions into which the social symbiosis between ants of different 
species divides. Wo shall here only give our attention to the mixed 
colonics* and moreover with particular regard to tho development of 
social pofjisltkm and of slavery. This is one of the most interesting 
chapt<a^ in the phylogenetic development of instincts in the animal 
kingdom. 

Peter Huber had alriMiil j discovered that in tho colonics of the 
sanguine ants {i^hrmica: and of the Ama^u ont^ {Poly^rgu^ 

ru/^Jim^) there live in addition to tho master species the workers of 
u slave species* which arc robbed m pupsc by the former from tho 
neats of the slave species md arc then reared as auxiUiuy ants* 
Tlicse are, therefore, slavemaking (dulotic) colonies. But there are 
still other mixed colonies in which the auxiliary ants do not get in to 
oASQciatiou with the mas tor specie through capture; these range 
among the social parasites. Since Charles I>arw'in {1859) diverse 
hjqHithcses on tho origin of slavery have boon proposed. Recently* 
by omplojing the phenomena of social parasitism for eomporkou. 
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some light at leaaL has ht'cn shed up>n this interestmg problem. 
AJl iiivestigatore ugree that the phylogcnelie history of social para¬ 
sitism and of slavery in ants does not represent a simple line of devel¬ 
opment, but a nimiber of difreient, parallel lines independent of each 
other. But upon the closer relations between social parasitism and 
slavery tho views doviato from each other. You will therefore excu.se 
it if here I follow only briefly my own train of thought, as I havo 
e\plahied it mori‘ fully in tho Biologiscbcs Controlblatt, 1909.* 

Let us begin with the dependent foundation of colonies and its 
relation to social parasitism and to slavery in Formica. The orig- 
iiiid method hero also—as with outs in general—must Imvo heon the 
iiidcpeJident foutidatiou of eolowes, a.s, for oxmuple, we find it to-day 
in thc/u 5 or group. Here lUo femslra Sa), after the morris^ 
flight, are able to found their new colonics independently^ that is, 
without the help of the workers. How have social parasitism utid 
slavery arisen from this root ? The first step probably cotisistod in 
the irangsLiuii to an acervicolous fifo in the workers, throtigh wThich 
the colonies became richer in individuals and could contrt>l a larger 
area surrounding their hills, as we see it in the rafa group. Thereby, 
however, the opportunity was offered to the females to found their 
new settlemwits with the help of workeiH of thair own species. .% 
a second step in the parasitic and dulotic direction then followed, 
through this same means, in the fomides of the ru/b group, that they 
ahandoDcd the mdependent foundation of colonies and became de¬ 
pendent upon ibe assistance of workers, therefore passing over to the 
dependent foundation of colonies. It b in any case a remarkable 
plwnomonon that all parasitic forms of Formica, of tho Old World as 
well as of the New, are acervicolous and belong to the ru^a, group 
or stand in nearest relationship to it. The latter is also true for the 
dulotic {MnjuiiKO group, which is connected with tho rii/b group by 
morphological transitions. In the tuffL group wo have, furthcriuiore, 
biological transitions from the facultative mode of social parasitism to 
tho obligatory. Formira rafa (fig. 21 and F. profcnsb found their 
colonies mostly with the assistance of workera of their own specim, 
only facultalively with strange auxiliary ants {F, /itsco, fig. -It), 
'With Formica fruncicoia (fig, 3), F. exseda (fig. 4o and 5b), and F. 
<pressUahfi^ in Europe, os well as with Formico consocians and a Mriea 
of other North jVmeriean forms discovered by Wheeler, the latter mode 
of colony foundation is already obligatory. 

With several North American parasitic Formicas described by 
Vnieelor, os well os in our Foraiiea asteta (fig. 56) and F. ‘pressUt^/ris, 
the small size of the females is striking and dreaily roprcaenls a 
furtluT step in the advance to parasitic adaptation, while for example 
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in Formi 4 :u rnf^^ F. pmten^is^ and F. r^Jit^oide* tb&femalL^ arc vety 
largo and tlo not yet sIlow any tmou of parasitic modiiicutions. All 
the Formica species yusl mentioned, whose females eilher faculta¬ 
tively or obligatorily found their c^olonies with the aid of the workers 
of an ahm species of auxiliary ant, form only icmporarily rnmnl 
colonies. After the death of the original aitsiliary ants—about three 
yeat^ after their foundation—these colonics again hecoino aimplo, 
unmixed ant eolomes and as ^uch may siiU continue to increase for 
decade. Permanently mixed coloniea we find, on the eontrory, with 
tlie didotic Formica species, which, after the dying otf of the original 
auxiliary ante, procure neiv ones for themselYffi by the capture of 
ptipse. How" do those forms link with the prccftling and espoclally 
with a rii/a-like biUiid stage of social pariiHiiLsriil 

When with a largo strong accrvieolous species of Formica, which 
had already passCil over from the independent to tho ikpondont 
foundaituii of coioiilEis, a change occurs in the nioiJe of nutrition of 
tlie w^orkers, conditioned hy climatic changeSp^ so that, it lives more 
and more e.xclusivdy by preying upon insects and furthermore par¬ 
ticularly upon the pupte of strange ants, then the basis is offered for 
the origin of Bbvery; for proviaion k already made, through the 
dependent foundation of these colonics, that among tho captured 
strange popca preeUely those of the auxiliary Bpccics shall be reared* 
Even Formica trundtola oml K which in nature are not Bliive 

makersr in those of their colonies ivhich have again become simple 
retain the inclination to rear the worker pupse of the species of their 
former nuxiliaiy ant. if they are given them in artificial neatet wdiUe 
they devour the pupis of other alien apeeies or at least kill the work- 
er¥i emerging fr^mi them. The origin of jilavciy' in n Fnriidca form 
like K (%* 6) depends, then, upon two agents: (1) L'pon 

tile dependent foundations of colonies by their females wuth tho assk- 
tance of a strange specieg of antj (2) upon tho inclinations of their 
workers to capture atrange pupte os prey. Accorilmg to this view 
the hypothetical origin of alovo making within tho genus Fornuca 
b thus to bo followed back to a common root with the origin of 
fiocioJ parasilkm within the same genus, namely, to an incipient 
Btage of dependent foundation of cobmee w'hich is to some degree 
comparable to the present Htate of F. rufa* In any the inciina- 
tion to prey upon pupsQ does not in itself suffice to explain the origin 
of dulosk in Formica or hx any other genus of ants; for there are 
many species of ants, especmily in the subfamily Dorylina*, wliich 
pihago the pup SB of strange ants and notwithstanding do not rear 
elavos from th^m, because precisely tho first of tho two ttbovo-named 
agersts, the dependent foundation of their coloniea by mciLns of an 

* Mov LbS' cltua^ d a fonHE- cliituU# lo ft pnlplB' dUEtits ■tva Ibli tK*f 1WP^ d I lluwil dtrtcfftDf 
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ftimliAry spectea^ b Hi?nc^t th^ niaiji qtif?alion in tlie c.^|>lu- 

Dntion «f 8la¥<ify h not : Why does Uiiaspecios of uni m qoefltiun cajn 
ture strange pixpw aa prey? but: Wliy does it rear auxilinries from 
thotn? This seoond question romaing also unsolved if one (willi 
Emery and Viohmeyer) attempts to tierive dulosb directly out of a 
^'piimiliTO predatory female state/^ for which, moreover, any sup¬ 
porting facta are wan ting; foFj as Emery has hittiself fir^tshowTi (1909) ^ 
tlie preserit-4lay pivraaitie and dulotic ants are to be phylogenelically 
derived from their present-day auxiliary ants- liiere, however, we 
find nowhere such primitive predaceous females, but indeed manifuld 
conditions of dependence in the foundation of i^okmtes by one species 
upon Ihmo of anoitier si>ecies. Let it be, moreover, ex pressly reui orked 
that tho b)"pothesis of tlie origin of tlidosb in Formi[:a can not be 
simply extended to tho other dulotie genera of anta- for examplcj 
funong tho mynniemes. Other reeiprocal retatlonB^ also, then those 
of facultative social paroaitbm, may ibero have led to the origin of 
slave making (Harpegoxcnaii-Lcptothorax). In any case, iho origin 
of alttvery can not be explained through the accident id aurvival of 
captured ant pupaj within a strauge nest (Ch. Darwin), 

Probably starting from a Hiate, and linked phylo- 

genctically with tho developiiiciit of dulosis within tho gonna For¬ 
mica^ the geuus Polyergus represents the culmination of tb^ alava- 
maldng instiiict witlun the subfamily of Camponotini. If wa eom-^ 
pare the mandibular structure of the European amazon ant (Potfjer- 
gus ru ffsc£Ti 3 ) with that td nor Formica sanguijiea (fig. 7), a remark¬ 
able difTerence is shown. F</tmica mngmnm (tig. To.) has normai 
iTiangulnr mandiblea ivith a toothed inner margin {‘^Kaiifancr^); 
Polyergu3t on the contraiy (fig* 76) hiL^ iiairowj sharply iwdnUKi 
aickle-nmndiblcs. In morphologica! distinctions tlie diffemice 
in the dnlotic instinct of ilia two k abo &x]ire^ed: 
b at a more primitive stage of the development of that instinct; and 
it is oven deveiofjed to a different extent in the different Xortli 
American raera of this specica, as Wheeler hm particularly shown. 
K sanjuiiiM keeps comparatively few slaves, can even dtspeme with 
them entirely, and is not dependent upon them. The amazon ant, on 
tho contrary, in its Euroiioan and in its North .sLmerican races, stands 
at tho apex of dulosb^ existn only by the capture of slaves and in 
that connection develops the most brilliant warrior talent that we 
know in the entire animal Idiigdom. Its mandibles are modified to 
Iw solely weapons for killing and are uusuited for domestiu occupa¬ 
tions; furthormoro it has even lost the instinet of feeding by itself anti 
must bo fed out of the mouths of its slaves. Tlio excessive develop 
ment of duloak is here already connected with distinct ch a meter- 
btics of parasitic degeneration. Its mandibular structure gives ox- 
pres^iun to both sides, the light and the shadow of its organic and 


462 A^TNUAL REFDKT SMITtlt^NlAS iXdTilUTIONp 11+1^.- 

pHVchic doTolopnnflut, Tte frequent uppeariuin^ of a wingl«aa f^nifllo 
fomi, ati-cailed ergatoid queens Clig. 8a}, points, furtheniiurej toward 
tho bR^miing of mbrcocli^p although tlie uormol foiuale farm is still 
always more numerous thitu the ergatoid. 

With the genua Palyergus llio development of duloeis within the 
Bubfamily of Cumponotinfe is rotiuluded. Let us therefore now turn 
to the Myr niirincff - Au entirely isoUtted position ia occupied by the 
European and }^orth j:\mericangeiiua llar}mguxonua (TomogiiatliLis). 
Vary likely it m to be phylogenetically derived from (he genus of its 
auxiliary ant Leptothorax; the males are hanily dbtingulshiHl from 
those of the latter- '^Tho European Uarpa^oj^itm (%' 

which formerly w as considered to be a strictly Ijorenl form, has also 
been found in Saxony by Viehuiieyflr i he also there discovered wingedj 
noniuvl Ijcfilclcfi the already known crgatoid female form (tig. 

w^hiirh appe^us to be the only one in Scandinavia. Probably 
Harpagoxeniis originally arose thrmigh a mutation of female forms 
in a parent speeies belongiiig U) Ijoptothorax. Tliia does not oxclndo 
the (ujssibiliiy that it later may have lived in compound nests 
togotiler with present-day auxUiaiy ant (IVasmaim and Vieh- 
meyerb Wfom it arrived at duloab. 

Another line of development of the slavery instinct among the 
myrmicines is formed by ihe genua Strongylognathust "A'hich probably 
must be derived from the geivtia of its aa.xilmry ant Tetrnmorium.^ 
The southern species of iim lleditcrrsnean genua are alih povrerful 
and populous ftlftve raiders^ ^vhich are able to procure the pupie of 
the apecies of their auxiliaries (Tc^ramjffriuni ccespiiwin.) by forc-e. Tho 
northern apecdcSp Stmagylo^nathm (%. 10), which occurs in 

midiUo Europe as far as Tlolland^ ha^t on the contrary* piissed over 
to permanent eodal partLaitism in that its colonies harbor^ l>csidc?s 
tlio workers^ akti a female of Tetramoriuni, which is fumkhed theni 
by the new auxiliaries. The ivorkera of Siron^ifl^mithua 
no longer imdarlake slave raidaf they aro liknw^i^ too am all *md too 
few in numbers for this purpose. Probably it wiis the norlhern cli¬ 
matic conditions which in this case exiemaily cauoed the chango 
frcim dulosifl to permanent socdal paragitkin; for when a southern 
filaveH^aptiiring ant penotratca northward, its alavo ralds^ the execu¬ 
tion of which is restrictad to a certain optimum temperature, l>eenme 
oOiiataiktly rarer and tinaUy cceiso altogether. In Stron^loguaihui^ 
in connoction herowitJi^ the size and the number of worker 
individualsj have also aatik couaiderably, all indicatioua of a parrisitic 
degeneration of the apeciis. ITie sabre-ahaped jaws of tbb &rimll 
ant are, m. It were, no longer more than phylogenetic memeutue^ of 
Its brilliant dulotic past. The previous bistuty' of the genus Strengy- 
lognathus up to that stage where the southern slave-making species 
stiU stand tenday^ is just as problematical as the future further devd- 
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opment social pariwuiifliii in tho urtrtJii^rii 3pwi«3; wo cim onlj* 
suppli?niont both ronjeclurttlfy, tho former through eomparboii with 
Ptslyorgufl among iho camponotin^, tho tat tor through eompariflon 
with tho workerloss parasitic an to, to which wo will uow pass on. 

When with a formoriy d ulotic specios like 
parasitic degeneration proceeds further, its own worker form will 
finally become completdy <HCtmct and will bo replaced by that of tho 
auxiliarj' ant. so that the one-time master species contmiies to exiat 
onlv 03 moloa and females. Wo know a considorable number of 
such workerless parasitic ants from the palearetic and nearctic regions, 
recently also one from the East Indica ( nTtcrJfHrfTa For.). 

One of tho pd care tic species^ WhedttkUa Sant^cMUSg. U), has been 
dist^overe*! in Tunisia by Santschi within die colonios of ifosornmum 
sGiQmimis mid possesses^ as also the North American genera Epoecus, 
Sympheidole, and Epiphcidole, wmgedt still foirly normah sexual 
forniB. Upon the In west IgtoI of dogoncrmtioUt however, stands our 
little^ black piimsitie ant Anergaf€s atriiiuluaf living with Telramoriuiti^ 
and whoso males (fig. 12) arc pupa^Hke, and the fortilbed females 
of which, to impede the extinction of the species by their fertility, 
luive developed an enormous physogastry. But for none of these 
workerlcas paraaitie imts can wc prove with certainty that their para- 
sit ism has spning from a former duloeia. There are still three other 
ways which theoretically lead to the same goalr namely i The further 
development of a former teniporaiy parasitbm, the parasitic degen¬ 
eration of a former guest rdationj and finally tlic relatively sudden 
(mutation-iike) appearance of a new dimoqiliiim in the fcmnlo 
(and later dsn in tile male) of the former parent form and pre^nt 
ftimliary species. In those cii^ where, for example aa in Sym- 
phcidole, EpiplTpidole, and EpL\enus> the parasitic gen ns is ver^' 
similar to the sexual forms of the host genua, the last o.vplanatioii 
sliniild even be the most probable. This is also verified through 
tho discoveiy in Portugal of a new parasitic Pheidole species, 
Ph. whoso males and iiigatoid females live in tho ties ts 

of poHidu/u. In the latter cases wo have to a^umo a 

rdativoly rapid origin of the workerless parasitic spedea, as this 
has probably never (since its separation front the parent species) 
possessed a worker form of its own, and therefore also needed no 
time to “lose” it. In other cases, however, where the parasitie ant 
deparb^i very widely from its present auxiliary ispecies and pre¬ 
sumably former parent spocie^^ thejis was probably a longer coun^e 
of dovdopment necessar)% connected with a real dying out of its 
own worker form* This applies, for eccample, to alratulm^ 

for which genui we can only conjcolmdly asaunie Tetramorium as 
parent form, and for which it is not at oU so unlikely that it sprang 
from a former didotic form by an btormediate atege simila r to that of 
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tlie pn.’seut-iIttV tfHUtceut -tbc mtire so aa StronKy- 

lognathus lives with 'r<ii.ramoriiijn enil is to lie dt'rix*i>tl froci iliU 
same j^cnus. Butin the meaiilbiie more than cottj<*:l.nrea are not nt 
our command for tlie jihylctic liistory of Anei^atej. 

Tlic investigations hitherto made eoiM-eming the hypothetical 
phyletic past of social pnrasitisni anti of slavety have in any case 
Imi to the recognition that this history forms only an ideal nnit, but 
in reality is composed of a multitude of really distinct lines of de¬ 
velopment, wiiich, in different genera and species in tho dilTerent 
subfamilies of nnta, have begun at different times and up to the 
firesent have progressed to different ptints. The more wo succeed, 
by means of new observations and experiments, in eatahlb=hing these 
separate lines of origin, tho more wo will also proceed ui onr gejierul 
knowledge of pht'logenetic connection between pttrnailkm and slavery 
among the ants. Just as in the morpholngico-paleontological domain, 
so also here a tnie enrichment of onr knowledge is not to be ex¬ 
pected from general theoretitad reflections, hut from critical detailed 
itivestigalioiiH- 

a-TftUJi !k£YR,METOPHILY (STSiPHlLYl. 

\ViiiJe tlie living together of ante of dilTerent species comes under 
tho concept of social aymbiusis, their association with nonsocial 
animals, particularly with other arthropods, is designated as indi¬ 
vidual aymbiosia. Therefore we ore to deal hero with the so^ohed 
ant guests or mynjiccophilcfl from other fomilios or orders of insects 
and of the r<Hnaijiing arthropods. The number of normal ant guests 
in IS94 already Oitiounted to about l,200j to-diiv we may estimate them 
at more than 2,000. Their relations to tho mits are very various and 
may bo tiivided into five main classes, which, however, are connected by 
many transitions. Wo distingnish aymphUes or tni e gu ests, synceketes 
nr indifferently tolerated tenants, BynceliLhrans or actively pursued 
tenants; furthennoro parasites (onto- and ectoparasites), and finally 
tropbohionts or food-producing animals of the ants, I shall hero 
only briclly enter into tho first of ilieae classes, because wo shall 
afterwards become actjuainted with many an intei'esdng stapbylinid 
m roniKHTtbn with the legionary ants, and particularly for the reason 
til at 3ilr, Doniuthorpe is to deliver a lecture on tho indigenous ant 
guests, 

Tho tme ant guests (symphilcs) are hospitably cnreil fur by the 
ants on account of certain exudations, which are volatilo prod nets 
of tho fatty tissuos (in the Lemochnsini) or of adtpoid glandular 
tissues (ClavigerinR, Fatiesida), etc.}, while with the 
termite guests tho blood tissue is the principal exudating tissue. The 
external eatudatory organs ore very diveraely developed) j'ellow 
hair ttifte, dermal pores, dermal cavities, etc,, at which the hosts lick 
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ih<!ir puest^. The pjnjdiUii^ns of iho tnlf* it-’fij for exarnpl^^ 

llie fiacchariji containing ^rations of thfi aphids, do not appear to 
bo a fond for the anta> but only an atinuilunt. 

Among Uie mjTmocopJiiloiifl Coleoptera there are throe prinripfll 
groups which are prominent on account of their true guest, relation 
to the ants: Tho Lomechipiirii among tho StaphTlinidrei the Clayt- 
gerinfc among tho Pselaphidneij ami finaUy among the Pausaidffi by 
far the majority of the genera from Heuropterua to Pauamw. The 
remaining sjTiipliiles among the CoieopterA I do not mention here. 

TliO true guoat rrlatjori kmost highly developed with thoLome- 
chuaini, in so far as these beetles nre not only beked by their hosta 
(first step), but also are fed regidarly from their mouthit (second 9lop)j 
and finally also the larvee of these beetles lire roaired by the ante like 
their own brood (third step). The largest roprasentative of the Lome- 
ehusmi is the Etiropean Lorncckitm iftmtfiosa (Cg. 13 )t which lives 
with fhrmic4i safujumm ns its singb host and abo hais its 
(fig. 14) reared there* These latter, altiiougl^ they possess six kgs, 
imitate in their altitude the irntnovable larva* of tho ants and are 
fed by their hosts like the jmt larva^^ iudoetl even far more eagerly 
than these. Boyoud tliis, howeTcr, they feed thejmelvo^, particu- 
lari}’’ in oarhest youth, from the eggs and young iarv® of the ants 
and devour tliom in largo numbers; on this arcount they are in fact 
the worst enemies of their hosts. The spotdes of the genus A lorn el cs 
are not, like Ijtimeehusa, restricted to a single host, but regularly 
have two hosts. During autumn aiul winter tlio beetles live with 
the little refd ant, Myr|ruea, and then in the spring, at the time 
of prcipfl^atlon, pass over to Formica, where they have their 
Xaiv'e? reared; and furthennore every Atomeles species or race has a 
definite Fomuca species or race as larval host. The double host 
relation of Atomeles postulatea a much higher degree of initiative of 
these beetles toward the ants than we find with Lomechusa. The 
Atemdesp by ''active mimiriy,” unitato the beha™r of the anta to 
a high degree, particularly in demanding to be fed (fig. IS). The 
daniago which their larvae indict on the Formica brood is similar to 
that of Lrfomecliusa. In North America tho iK^meehusini are repre¬ 
sented by tho genus Xenodusa (fig. 15), tho species of wbiclt have a 
double boat relation, like At^eles, but witli Camponotus as second 
host in place of Mymuca. Thoir larvca are reared with Formica at 
the expense of tho brood of tho aut, as in the above genera. 

How seriously the Fomdea ${>ecles are harmed by the larv® of 
tho Lomechusini is also shown by the fact that through their con¬ 
tinued roaring the normal brood-nursing instinct of the an La is 
p&tJiologicttlly altered—namely, m place of true fcmidea they rear 
malfonncd individuals, intermodiate between workers an«i females, 
tho so-calloil pseutlogjoioa, wliich are perfectly useless for the ant 
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community. They nre worker-liko forms if ith Inflfttod htunjwd remain 
mesnnotum. The rearing of p 5 Cudog}'ni'a occvitb most frequently 
irith our forttiica mn^inea Cfig- 17, a worker, t jiseudogyne), whieli 
mar the larva? of the aingle-hosted /jimef Riisa slnanosa. Hera, too, I 
was able to prove by the statistical metbod the connection beto-«on 
the rearing of the adopted larvae and the fonnation of pseudogyniH. 
The rearing of the lan ffl of Atejnelea and Xenodnsa loads to the origin 
of pseudogyncs less frequently because these iieollos, in ronsequedco 
of tholr double host relation, do not always got bark into the same 
Individnai Formira colonics in which they have thejnedvea been 
reared. Through the increase of paeudogynes williiii a nest, the 
destruction of the host colony is finally brought about. Therefore 
the avovredly so “intelligent” Formica in fact actually roar, in the 
larva* of the LomechiKini, their worst enemies. 

\Tlien, however, we follow the phylogenetic development of sym- 
phily. in which amicnl selection, that Ls, the instinotive selection prac¬ 
ticed by the ante towanl their guests, plays a large rdle, we must even 
say: In the LojuBehiisini the ants have brought up for themaelyea 
their worst enemies f To entciT more closely into the psychological 
and phylogenetic phases of this interesting problem here tho short 
time unfortunately prohibits. 

A The relations of the club-homed beetles (Clavigeriuff) to the 
ants are much more harmlcas. Tho boeiles are eagerly licked by 
their hosts and fed from their mouths, but do no harm to the ant 
brood, although they sometimes gnaw at diseased orwovindinl larvre. 
We alreaiiy know, principally through Raffray's works, 40 genem of 
tlavigorin® with far above 100 species. The habits of our bttle 
yellow flaitifffr fwftmcws have become very weO known sinco ISIS, 
and yet the Inrvir of all the CUvigerinaj aro stUl undiscovered. A 
picture of the adaptslional characters of th(«e beetles is offered by 
the gigantic elub-bomcd beetle, 4 mm, in length, from Madagascar, 
.Wrocimn^tr rrmremis fflg. 18), which, beeidos a large aiidominal 
cavity, ahowB richly-developwl yellow tufts of hairs on iMerent parts 
of the body. 

r. The beetle family Pauasidw, which is so rich in diversity of form, 
is very fruitful for the study of myrmecophilous adaptation, but 
here van be treated only very briefly. Already in the Qligoceiie of 
the Baltic amber wo fmii ^ genera, of which three (Pleuropte^ 
PauMUjides and Panssus) probably at that time already belonged with 
the true ant-guests, while two others (Artbroptenis and Cernpterns) 
in their representatives of our time still show t)jc primitiTO protective 
type. Among the present-day genera wo already find sjTnphilous char¬ 
acters in PJeuroptenis {fig. If)), in spite of the still 10-jointed antenna*, 
in that the cavities of the pronotum and of the bases of the elytra servo 
as exudatory organs. With the further development of sympluJy in 
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the Pau^^id^& thore is remarkAble a progrosslvo n^duetion in the num* 
berof antcmtal ]omts+ At the highest step, in Paussus, the antenme 
ate only 2-|ointrf md the jmtennal elub assumes the most diverse 
forma/ among which the conch shape stands in the moat intimate asso^ 
elation eymphily. A fine example ef tlik is offered by Paussns 
Aoteo (fig. 26) from Madagascar, which lives with hchn<fmyt¥nrz 
Svxtmmtrdiimi. Within the interior of the conch^aped artleimal 
cup there lies a great layer of glandular colls, as it is shown in the 
acrorapanying secLion of the ant^imnie of P^ius^us cuculkiti^ (fig. 21). 
But also beneath the fmotsl pores, beneath the pronotal pits and in 
the pygideal region there is found adipoid glandular tissue in large 
oxientp and with many Paussus the symphilous trichome structures 
(reddish yellow hair tufts, etc,) are also richly deToloped m the moat 
diverge manner and on the most diverse parts of the body.^ Li 
spite of the high development of theh exudatorj organs^ the PaussuSf 
as far as h; at pr^ent knownt are only licked by the ants, not fed 
from tlieir moutlis; they live rather predatorily upon the ant brood. 
The of Pausaus (of P. Kanintp^eriif describ^ for the first time 
with certaintj by BSvingp are bkewiso camivoronSi although their 
phvsog^tty and the glandular tissues at the tip of tlieir abdomen 
point surely enough to an iacidenta] true guest relation. 

4.—MEA^!S OF PROCtmiXO FOOD AMOXG THE ANTS. 

The means employed by the ants to proGure food are mote 
diverbified and offer more analogies with human businesa activities 
than we find anywhere else in the animal kingdom. For many of 
our native ants the principal source of food is the keeping of cattle/^ 
that is, the occupation with plant hce and scale insects^ which in part 
they Ttsit outside the nest and partly keep within their nests, and 
w Mch they indiu^e to give off their sac^arine excrements by stroking 
them with the antennio (“milkfaig^'). The honey-secreting cater¬ 
pillars of some butterflies^ too, particularty from the family Lyew- 
nidic, are used similarly by native and tropicnl ants as ^^cattle/^ and 
also tropical Homoptera larv® furnish a rich contingent for tlufl 
purpose. Certain native ants (for example, Lamut jktvm) even keep 
the e^js of the plant lice within their nests during tbo winter. Fur¬ 
thermore^ wnthin six different genera of different pfirts of the globe 
there are honey ants wliicli feed up a worker cast into bring honey 
pot^/' from w*hc?ae crops, in times of droughty the colony procurea 
its food. Tho eliisajcal example, already dejicribed by McCook, is 
the honey ant of the Garden of the Goda in Colorado (jlfyrm^eo- 

* with t^wHrallftana ftatmiiAl dub, UkB F. snUnu juad JUrf, HcortUof Iq Evlufldill 

ObwtrvBOoEp, iltniloo B Uuo Oh hntmiknlduK 

■ Dd lb« €xiidsior7 otfW imd liwin irf Puiaidv in OftFvm iLEonUiiai dM «:hErQ 

UHCYBbJUE&lB»'' (BkA tttlSi) uad ^llMcm blakiff ud ttwtbiHiVlif fV^latjoa {LdQdoEL, 

ino), PL Ml H. 
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rtjsiUK horlidfonim), Olkcr again, ajo liarvostprs, who col- 

Iwt aupplitSi of Bceds and litoro them away in the granarips of 
their Hosts. For otot 100 years the in the Holy Bible 

of the Uarveating anta of Palestine was aupposed to bo a fable, 
tlijougli (.he observationa on the genus Mosaor in the Mediter- 
rcLDcan re^oti, it was glorioualy verified. Ketiontly Neger has oven 
found that J/esaor bar^nw vrorks (Jte stioda over into a kind of ant 
bread. The ulassical "ogrioullural ants” of North America belong 
to the genus Pogononiyrmex, nnd, although tho exaggerated roman- 
rin'^Lsni of the “agrieulture” of Poy. bttrbafua has been destroyed 
by Wheeler's critical investigations, yet the habits of these har¬ 
vesters are still very’ mteresting. Even greater interest has been 
e.vciUfd by the futigua growing ants, particularly einee the researchco 
of Molier The habits of the Ameriesik leaf-cuttmg ants, 

from the group of Attini, haa Iwcn theroby placed in a new light, 
especially sinco, tlirough the olisorvations of v. Ihering, E. Goelcii, 
and particularly Jacob Huber (1&05), wo are also informed regarding 
the ingenious manner m wdiich the quwu of AUa srxd^itj starts and 
cultivates the new fungus garden, when, after her marriage flight, 
^10 founds her new colony. That in this apparently highly intelli¬ 
gent "cultivation of vegetablca" by the ante wo are dealing wdlh an 
hereditary instinct, is verified moreover through tlie analogy with the 
fungus growing of the termites, among wliom this custom, particularly 
in tlio largo genus Teroitss, is still more widely prevalent, although 
the termites stand psychically below the anta. A dainty fun^ 
garden, of tlie siae of a ivainut, from tlie nest of a small guest termite 
( Mcfoirmfjf jrfoMcoIu), which lives in the iiills of Ttrmte Sedemanni 
in Ceylon, is shown in the accompanying enlarged illustration ffig. 
22), Many other ants, finally, live by the hunt, parlioularly for 
insects. Willi our large heapbuilding hill ants (fomiiett rw/o and 
F. jmitfTmis} this means of gaining a livelihood is truly enough only 
secondarj' in comparisoii >vitli the visits to plant lice and scale in- 
sects. Ill any case it is important enough to place these and other 
oeervicolous species of Formica of the and txstf-ta groups as 
eminently "usofui"' under the protection of forestry laws. 'The san¬ 
guine robber ant (Formieo even occupies hereelf almost 

cxcluaively with hunting, Bn<l leaves the cultivation of plant lice to 
her slaves. 

But the carnivorous hunting ants are far more numerous among 
the tropical and eubtropical species, among the Poneriiiffl (Lobo- 
pcltu, etc.), and moat particularly among the Doiylina?. 

5.—THE MRYUXJE AND THEIR GUESTS. 

The eubfoinily of Hoiylins' comprisps the hunting ants, which, 
partly above ground and partly subtorraneanlyi go about in quest; 
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of prey and therefore an* * mostly restless wonderiiig anta. They are 
tii^? flcoui^ nf tli(? host of lesser Animal Hfe in ihe tropics. They 
lack composit*> (rctlrnlute) eyes; in their place there nre simple 
ocelli, howevern are frequently rudimentAry or disappear 

altogether. When these are well developed, as for example in 
Triton BurchtJlif they can even distingni^ eolotaj as follows from 
the companion nf tlu^ coloration of their guests^' Keverthelcss the 
dorylines, on ACcotini of their midB^ depend upon touch tmd sincU to 
a still higher degi^e than the other ants- Mos^ of the Eciton of the 
Neotroplral region, legionary ante, undertake their hunting expedi¬ 
tions^ already mentioned hy Kcngger, Belt, and Bates, in groat Armies 
above ground; Ukowise the Anomma of Africa^ already ob«ort-od by 
Smeathmanp which carry on their hunting drives for aU small atumals 
in frequentiy gigantic armies, on which account they have been given 
the name “M river ftnU.*^ j\iiomma is A subgenus of Dorytus, the 
species of which^ on account of i srryiug on thoir hunts above ground, 
are mostly (lark colopiMi, but whoso pale colored allies (Doiylus, sensu 
stricto), as well as iho^ of the genus iEnictus, hunt subteiraiiejinly. 
The trimorpliiem of the worker form of Aaofjif?ta Af is to be seen 

from figure 23. To be sure St is connected by intermediate forms. The 
smallest worker form, on account of the reduced number of antennal 
joints, might be taken, if one fotmd it atone, for a different genus. 

weU with Anomma as with Eciton i wo kinds of armies are to bo dia^ 
tinguishetl, foraging armies and omigraling amues. Only with the 
latter are the gigantic, entirely winglesiii females and the likewise vciy 
large, often de-alated males curried along; with Anomma they are 
transported across open expanses only witlun covered tunnobv In 
G migrating to a new hunting region a new nest is occupied n^osseler 
in East Africa and Luja on the lower Congo), which far weeks serves 
as a base for the foraging expeditions. That these nesta contain 
a fauna of guests,^ prmdpatly beetles, which Uvo from the prey of 
their hosts, con estrange but little. Bat that these ants are accom¬ 
panied on their hunting expeditions by a host of guestSp particularly 
of the family of short-vinged beetlca {Staphylinidseb is the more re* 
markAhlc^as one would suppose that the hun ters would at the start 
seJ^ upon this rearlily available game. And yet the Eciton of Amer^ 
Jr a os well as the Anonuna^Dorjlus of Africa possess the largest 
number of guests of all tropical antsl 
The theory of rlescent to some extent explains this riddle. The 
greater the necessity for adaptation in relation to a certain eneraj is, 
the gmater wiD aJso be-^upposing the capability for adaptation, 

< l>{:qpijdi£EbmFUi3{^t{t«a4^Amcl^^^ 

* Thfl fDHta of L|u SHt ol VUMrAlp whlob ^ bdi* imad la umrwl nCvU dw EADdOAi. 

wv lUU ta brt dcKcawd. 
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whidi in tJM SlftphTiiniilee is a very cxtensivo onr—the frequency 
Mid the height of adaptation. Kmm this is to be untlerett>od, not 
only the large niiniher of dorj'Uno guesta among the Staphylinidw:— 
np to now about 40 genera httvo been ilost^rilwd—hut the high degree 
of mluptfttion, ns well, which iminj of them show. 

Three principal ntorphologico-hiologitol lulaptutlonal t>4^ meet 
us here; The wymphilo type, the mimiciy type, iui<l thepmtec tive type. 
Tlie first makes the guests agreeable to their hosta thrfuigh exucU- 
Lions, tliP second simulstcs to them their own kinti, the third makiw 
theJU uniussftilable to the xuujitlibles of the ftiits. These t^co lyTiee 
nf adaptation oetnriilso with other myrmecopliiles, hut their develop 
ment with l)io gneste of the foraging ants is a pwuliar one, corre- 
aponrling to the eharocter of the hosts; iinil besides it ia a very 
siriiilar one in iho neotropical Eeitori guests to lluit in the African 
jViioDiioa guests, although the genera which represent the^ in 

the two hemispheres do not stojid in any closer syatemalic relation¬ 
ship to each other. Their similnrity therefore rests upon convergence 
as the result of mmilar conditions for adapi ntion. 

The principid representative of the syniphile typo of the j^jiomtna 
guests of Africa ia ^ympolemw ammiButis, the *'w'ar companion of the 
driver ants” (fig- 3*1)- The slender form of its hody is conditional 
by its manner of locomotion as eompaniou of its rapidly running 
host. It moves oven more rapidly than these, in that it uschj its 
abdomen as a propelling spring, to shoot aheiul with the speed of an 
arrow, as an observer (F. Hermann Kohl) e.xprciBcs himself. Serira 
of Bcctions of the abdomen disclosed to me the mechanism of tliis 
propelling spring. We see in the eagilUl section how the chitinoiw 
hoops project into the lumen of the abdomen and serve as surface of 
attachment for strong bundles of muscU-s (See fig. 25). On the long 
legs the feet (tatsi) are rudimentary and transformed iiito slipper- 
like, densely hairy structures, which serve partly as clasping org^, 
but partly also represent an analogy to the plumed feet of the prairie 
fowl CSyrehaptcs). Among the Brarilian Eciton guests Ecitogaster 
is most Bimilar to Sympolcmon in form of body and stnicturo of 
antonnffi. Also, the structure of the tongue of both indicates that 
these guests are fed from the mouths of their hosts. 

Most remarkable ia the mimicry typo of the dorylino guesta- It is 
primarily a “tactile mimicry” which appears to be calculated to 
tleceive, pa.saively and actively, the tactile sense of the anteroMe of 
their hosts. 

The passivo doceptinn is brought almut by the similttrity of form 
of the Mparato body segments of the guest with those of the host, 
the active deception through the similarity of antennal structure 
between guest and host. This mimicry reaches its highest degree in 
Mimeciton (fig. 26) among thn ecitop'hiloua Staph ylinid« and with 
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Doiyloinimus (fig. 27) imd rapwially witli Mimano nuna (fig, 27a) 
ritncmg tlio aiiDmmatO|ihilcs> In tlicsa gen^m no logit inmto slnuJarj tj 
of ooloratLon Ijetwcen guest and host exists, because tlie taller pos' 
aesa only rudimentary oceiii {Edton or Imvc no eyes what* 

over (Aiumma FifiYrtH and Jl. Sjoaiedti). In the gucsta of hucH 
Keiton, JiowDTcr, as have wc1J-tioTelo|>ftl ocelli there is furthermore 
ailiicd to the tactile mimicry a very exact simiJurity of colemtion of 
the guest with the same size worker-form of tho host, for examjiJo 
in Ecitopliya (fig. 2&), Ecitomorpha, and Ecilomdia. 

At tho highest stage of t he mimicry type, in ^tiInallnmnla. JHine- 
citon, Doiylomimus anrl Erilophya, mitiiicry even forms the foun- 
clalioii for a true guest relation; this hna even been established by 
direct ohsen'ation for Doryfomimiia KoMi (F. Kohl), 

An analogous tactile mimicry to that with tho ecitophilous Staphy- 
liniilse k found also among the ocitophilons Proctotrypld® (Hymen- 
optcra) in the genera llimopria and Ecitopria. 

The protective type of the New World Eeiton gnests is represented 
principally by tlie genus Nenocephdus (fig, 2tl), in wldch tho head 
and the cxtremitira are covered by a protecting roof. Among the 
Old Worid dotylino guests we meet an annlagous, but less iicrfect, 
prottjctive type in Pygosletma and relntnl genetiu The highest dcvel- 
^imont of the protective type of dorylophiJons Staphylinidie, however, 
la reached in tho geniis Trilobitidoiis (fig. 30), standing entirely ko- 
lated,* and of which aoveml species live with Doryliis and Anomma; 
a flat, Icaiiike form of body fitting closely to the ground, which is 
furthermore covered with conical hii raps on tho upper surface. When 
a foraging ant eeoks to grasp tide guest witli her mandibles elm can 
only aeizo U™ at one of tJio humps and at the most hurl him away, 
if her mandibles do not at once glance off. Tho insect, in wldch not 
even elytra are present, resembiM rather a silphiif larva than a fnil- 
grown beetle. Unfortunately we must hero bo content with these 
few examples from the extraor^linarily rich fiehj of tJm adaptationol 
characters of tlie clory^lino guests. 


S -NEST building MJOKG THE ANTS. 

An ants* nest jg an irreguliir system of passages and chambeia, 
which servo ns tho Iioma of tiie ants and their brood; it is no highly 
finished structure like tlio bee comb, aHfl on that account is of no 
rigid pattern, but capable of an almost imlintited adaptability to the 
most diverse materials and locations. Beginning with the minute 
hallow in the earth or crack in tho bark, measuring but a few milli¬ 
meters, to the large domes of our hill ants and tho stiD more 
extensive nests of some of tho large Atta of America, we find all 
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tnicsitions in llto Bbte of mi imta' nest. LdkowLno tlwro is hftnUy n 
locition Tft'bore ants cem not eatablfflh tboir nestj liar^y a materiul of 
which it can not consist. Through Forel and Ollier iavestigatora the 
flxceedmg divoraity in the nmnnar of nest construction among the 
anta has boen long ktlOl^^l. Tljere are distinguished, earth nc^ts, 
nests under atones, earth hCMips bIioto ground, heaps of ilry plant 
material miicd more or le^a with ciirth| nests under bark, in hollow 
goUs, in hollow stalks, and hollow trees; neaia in rotten stumps or 
chiseled out of solid wood; carton nests, which aro either placed 
between roots or in hollow trees or hong free from the branches; 
finally web neats, w'hich may consist of leaves, spun together or of 
other hollows carpeted on the inslda with a web. Furthermore, any 
already existing hollow space may bo trauafonned into an ants' nest, 
should it bo a piece of rooting paper, the cover of a tin of preserves, 
driod cow manure, or an old skull of a horse, in which last P. Schupp 
once found a nest of Camponotas r«/p« in Bio Grande do Sul. jUso 
numcroua arc the stolen nests which formerly belonged to other 
Bpcoiea of antd or to termites and wore either taken poescjjsion of 
after having boon vacated by liie builders or already before that. 

The photograph of a gigantic nest of JVtmiixt rufa, near Luxem¬ 
burg which is 17 meters in cmtumference, may serve as an example 
of a typical ant hUl (fig. 31). A carton neat of CrF7naf<H>^att4^ 
SMmanni dolicloccphaU Santschi, 1.10 meters in length, which w 
in the Natural History Jfuseum of Luxemburg, is shown in figure 3.^, 
ea it won photographed in iU nalural situation, hanging upon a high 
tree in Kondufi, by E. Lujs. Fimdly, a web-neat of Poh^MiS 
lahoriostt from Kondu6 (E. Luja) is showm in figure 33. This con- 
akta of leaves spun together, the surfaces of which are carpeted ^th 
web. Tbe tapper outer layefi into wbu^h wood-moUl bag been 
ahundantlvinLrtxIuced, appears to be prepared by the ants, as accortl- 
ing to F. kohl's observations is also the cose with OetophyJla lojitpr 
Wd on the upper Congo, by means of their mandibli^ and the 
lion of the mandibular glands, while the web itself cornea from 
another source with which we shall now become acquainted. 

These web m?st 3 of the ants are of high p,-3ychological interest 
For the spinning substance utiibterl in them does not come from 
tho ants themselves, hut from thoir lorv® which the workers grasp with 
their moullis ami employ as ''woavork shuttle" I They ^nduet the 
mouth of the larva, from which the spinning subatance isaucs, from 
one leaf margin to another and thus weave their nesL When 30 
year? ago Ridley's first information concerning this reached Lurope 
from the East Indies, it soundeil harrUy crediblB. Now, however, 
they have been conconlently verified by many inveatigatorB, for 
OetsphjUa murapdim in Ceylon through Dofiein and Bugnion, for 
OeeopJtyUa longinoda on the Congo through F, Kohl, etc. Vfith the 
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OecbphyUa Lius me thod of nest construct bn is genenil, in 

the geaus Polyrlmchis it only pertains to a part of the species^ 
while othei^ const met carton nesis. Of the genus Componotus^ 
finalJy^ it is only known of one specieB^ C* sen^ of Braailt ibe 

genus Tochnomyrmex we hkowtse know spun nests with but a singlo 
species (T. bicohr fcjfe>r Forol), 

That ants use their own larv® as wettver^s shuttle for splnnm^p and 
so utilize the spiniting faculty of their larr® in a practical maanec for 
n^t constmetion^ to be sure^ psychologic^dly most remarkable. 
It is an employment of tools” which are independent of the body of 
the animat and do not originate from it, w'liilej for example^ the Web 
with wliith the spider catches its prey is a product of the g]antis of its 
own body. Such a well guaranteed and ingenious ompluymcnt of 
tools, as the ants demonstrate in the construction of their web nests, 
seek in Tain e be where in free nature, oven among tJio liighar ver- 
tebriitos+ Yet we must not oTerestimatc tbb fact psychologically* 
There are here concerned, as with all other specific modes of nest con¬ 
struction in ants, hereditary instiucta, over the phylogenetic origin uf 
’which, liow^evcr, the decjjest dai^knees fitiU rests. In any case we 
must not consider u species of Polyrhachk which constructs ^vebs by 
mcoua of its hvrvjE as moro **intelligent'^ than another Hpeciea of the 
same genus Avhich employs the secretion of its mandibutar glands to 
huiid a carton ucsi. In the same way we must not designate 
Camp^noiu^ fftmj lUf the ** must liitellJgent species of its genus bet'aiise 
it builds wob nests^ wldlo other sj^ecies construct theirs In wood, 
etc* .illl tho difrerent nest-building instincts are objectively appro¬ 
priate in their way, hut do not depcn<l upon the iiileUigeiii reflec¬ 
tion of tho individuid boiiigj becauao they prove to be hereditary 
instincts. Their exert’iie is, nevertheleas, no mere reflex mechim- 
ism, liecanee it takes plaoe under the influeneo of the sensory perce|>- 
tions and ecmKiry experience of the ladividuxil* Here^ too^ we must 
therefore keep oufselvos midivay betw^ceti two equally erronoom 
extremes in the psychological explanation of animal life. Then we 
also shall learn TAisdom " from the ants on considering their waya* 


F.XPLANATION OF FlOhRES OX PLATIS 1-10. 

likli!roTpautBfri|»l]i for Oie Bkigit p*n wlt^ A Z>^E^ T«ii4r l;0p %] 

Flatk L 

Fto. 1. Fbrmw;c3fnal ntl^fuj XyL (Ahidbi^ ga6±tt^Dl), er^loid iruilo aud urcFfkcir 
18 :1). 

Fio. 2. y«r?nid3 ru/a L. (red queea atid..fimiLL| ircrker i[3 :1). 

Fig. 3. Fotmim trunruvla Xyl.p winged femiJe (4 1 1). 

Fiq. 4. 0-F^tinntai AEKt^da Xyl., 

Werker of Faruiifli/tttoa L.{4: 1)* 

Fill, e* Fomieo biLr^p wufker (3, 5 :1), 
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Plate 2. * 

Ym, 5+ J'flmfirtj /um L., Pim31 queen; 

h. Fi^ka rjfjtftto Kyi,* wtnjftd (4 11). 

Pm, 7* fl* Head oi Fonnica fon^tVii tir.^ vorfcerj 

ft. Head nf rtrfitffm ttr., worker £8 ^ 1)* 

Fm. 8. Pis?j^ 7 ^ftf/ 4 ' 4 err«Uir.(A^ a. Fj^fllutd quwn; k Wurlcer(4 :1J. 

PuitK 3, 

Fm, 9* a. jjhrpii^^wnu* (TbrnogiwlAut) Kyl,^ er^UiM qiieen* 

ft. I^piodiv^ ^Mrpttmm F,p wa^kfir (alavoj (8 :1). 

Fm. 10. Sriieuk^ worked (12 :1). 

Fio. IL Whittfrkli^ Saf\Urhii Ferolp winged iontAle, donal ahd laleiwl view (5:1). 
Fm, 1^. d/mfii/ut f?chfTOk, pupi^likp mole (12 :1), 

Fiii. 14. Larvu of ticmf^hum ilrywiftiif F, (5 :1). 

Plat* 4, 

FlO, 13. LoiJwcftirwi ^truBium F. (S : 1): 

o. With turned up abdomeii^ 

ft. extended nbtjomfriip to jdiaw tlie y^UifV LAir-tofU- 
Fm. 16. JJiwhj pfolfnMOviei Wmid. being fed by Ftftinka praitn^ (8 : 1>* 

Fin. iiJ. Xenodiiiiimiii l*c^ (Korth Aitterto) (6 : 1>- 

Fm. 17. rt. Fbrflimii jon^inAi Ltr,p wnrker|4 ; 1}. 

Plate 5x 

Fm. 17ft. I^arwwn iiiiiguiw Ltr. (Pwiidogyiae) (4 :1). 

FiOp IBp Mkoclavigrr ger W fl onttf WnniLj Uadi^'EMr {12 %p, 

Fio, 19. Pkuxnptmn iJoArm RIm, Mibip. Lu)0* WaEm,p Cotlfo (B : 1). 

Fra. 20. PQumM ftowo l>ohm Mndaeascar [6 1 1). 

Plate 0. 

Fm. 21. SerUdb ihroDatk the layer ol KlmdulM «ll» af th* antentuil enp «( /Wui 
rtiadlaluM Wtsgtw. {1000 :1). (Ze'um, ApodiiwiD. 2.0, 1.30, compenAtlOlWl 
oeulfiT 4.) 

Fm, h. Fungus Emrdeii of J/wafoi-mWj Wmm., Ceylon {1. 5 :1). 

Plate 7* 

Fro. 23. Antmmu Wihrfiki Em.^ wnrkere from the wme mnny (S ; l)p Cungn, 
Fro. 24. S^pokwum anOWfnwtw WiAtu,, Cun^ (8 J1)* 

Fro. 25. S^ltni Ketioti tbnuigh tb* abdarooa of nTiomiTmtiip io airaw 

ibn bundled uf muBded (20 :1). 

Plate B. 

Pia. 2fi. ifinutfiton jmfer Wniiu.^ nialo and feroa^e, BnEil (IB : 1). 

Fra. 27. IMfyfoniiwiH JESjfti* Wbahl,, CoDfo (S : 1). 

Fin. 3f7e. ifunnflonijnji ip^irtrum Waiin.^ Katnenin (9 i 1)* 

Flo. 23, £ntopft^ fvAuLtm WEam., Braiil (4> 1). 

Fm, 29. Waatu., Brazil (4 :1). 

Fm. 30. Tni^UifkuM ituignit Wiwm., Congo (It .! 1), 

Plat* 9, 

Fm. 3i. Olgtutie neat nf 1,+ Lununluug {17 m, circumfttunce). 

Plate 10. 

Fm. 32. CaitoH ue«t of Cf^miut&gaiUr Stiidthmnm stibap. 

(hnagiiig on the tn!?e)i Cnego (1 :44). 

Fm. 83, Web nest of Po^frhacki* fuftorioia CV»ngo (1 ; 2). 
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l^iuAiNi iMhrn. II iillaj^itM iil-11$:| >. 
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Flff. ^l.-'-dM.-tSi'tn IhiYiiuih ll'io cif glftDfliilAr c^ll* of Ihc Atit€<ltnjil <*^p 
^EHAHTji ^tiriAr/rjriij {iWOntt ITa'IpH ^0. I>^I cumr^nw- 

tklEUll OCEltAr^J 
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THE rENCiUINS OF THE ANTAECTIC REGIONS.’ 


By L. (iiAiilt 

Dociaf Samatj NtiimtlUl (/ the Vhtxwi Srp&HlioTi. 


[With 9 pktfM j 

Owing W tlie nometoos sck^niiiic fib^i^vatjcjiia made since the 
cIpsc of the laat century bj various expeditions in the south pnlar 
regions certain vcrtcbriito iLnhnals initabitiug those fposEcn Innds 
are to-^jty well known. 

Of tho 36 apecleft of birtls met below 60® fioutli iutitudo^ there are 
5 belongidg to il single fsmityj that of the Spheiibcidie, wiiich par- 
ticularly attract the attention of voyagers- Wo allude to the pen¬ 
guins.^ 

Penguins are the true mliabitants of these polar regions* from 
whatever direction one approaches the souths ho is sJw'ays sure 
to meet them. It is they that by their nunioroiis rookenoSp by their 
continual movomont^ and by their crii^ unimata this land to which 
they bring life; it is they Uiat roHevo navigaiioii in the pf>lar regiom 
from the monotony that it would tinaUy have, if thoy wero not thero 
to strike het\i*een whilra a gay^ lively note in the polar Jandsaspo. 

Tlieae penguins differ widely from other birds. 'Flieir wings* 
wiUiout quilkt provided only witli littlo fmthem that one might 
comparo to scales^, form mere paddlea unfit for flight; plautigriwieB, 
they walk heavily^ slowly^ and when they wish to quicken their 
pace they fall flat on tho ground, making their way through the 
snow by the aid of their feet and of thoir little wings^ which also 
servo to balance them. Bpending abnoat all their life in the sea# 
where ihej seek the crustaceans and email fish upon which they 
feed, they are wonderful swimmera, of an cxiraordinaiy aupplonass 
and aetivityi. 

* TmoxlBlcd pcnaisiiEui {.vUX thdoillkm br^ tbo* Mlbai'li fran Li> Xitttuiifip Nq. KHli l^uly ti,. 

i Tbd* 11*1 HU wu Ant (^V«n to tta«u bjr ib« Uh oiTDibHBUi rmtttrj; IbvjnIM 

UwDa. nuiuilfli tvm ^vm Mw baouMtfJ tl»«l^audjuiM EftI Wilh 

viUiib Uhw bktb am 
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Ono can not give a mom exact idea uf the pejiguin thiut bj sprint¬ 
ing these few' lines of KaCQntxnj the eminent naturalist of the 
SeJ^ea «.xpediti(>n: 

Imngiue Ji Hlik nJd un, jriATidin^ provided with two brood paddlea infftetd 
ot wim£^ with iL bend smtiJI bi owipaxiwn vftb ihe piuiDp, ftouL body; itrLui^ciD thla 
creaturo with Ma bnek njvorod with n durfc: coat spotted with bliiOt tApetiog behind 
to B poiDiod uil Umt dmgs tm the pounds ud adorned in front with a glo«y whitfi 
bieutplnto. Bavc this creatiiro walk on hiii two fwt* ij^d him at l|i« panw llmo 
a droll littJQ wiaddk tmd a continual mo^-emont of the hcfid; you hava before ymi 
Konething irroflistibly attractivo and comical. 

Penguins hsvo mh^bitod the Antamtio coatdnent from very remote 
geological periods. Wo will only renumJ our t^adom of tlio db- 
corories of the Swiodbh oxpodiiion of Dr. Otto Nordenskj5ld, who 
found on Soymour Mand fosaU bom^ bdonging to five 
each of which formed the typo of a now genus, iind which lived^ 
a&cordiiig to Dr. Wunsji, who made a atudy of them^ at tho begin¬ 
ning of the Tertiary period, in tlie Eocene epochs 

At the proscut time, confining ounsoIvGs entirely to the birda 
found below- 6D^ south latitude^ five spociea inhabit these soulUem 
lands- among thego five, two—the Emperor ami the Addle—arc dis¬ 
tributed OYor the whole cLTcumferenee of tlio Aiitanctic continent- the 
other three are confined to the ndghborUood of the South American 
AuUrctic regions. 

There k first of all tlio Macaroni penguin (GifuJTfttfHrjT chrtjAdirphusi^ 
of which somu rDokerics of a few hundred Lodiviiluols are found on 
the South Shetland Islamils, particularly on Doeeption Maud. It 
has a height uf fiO cit!ntimetcr»; thi> back ami hciad arc bluish-black 
with a volvoty luster; above the oyoe, bauds of dongate<l oyebrnwi^, 
goUbii-y<dlow, oioet on tho forehead: the iris is gojuet, the book 
reddish-brown with tio oonimmuro of the mandibles pale purple^ 
It b a quid, t^aceful, iruating creature, lotting itself be easily 
approorhe^l when on iU iicst, and even caresseil^ rord)" tiring to 
give a blow Mdth beak or wing. The rookeries of these Atacaroni 
poiigums are often intermingled with those of the Antarctic jictiguiifc, 
with which thw live on good terms. In their iiost, which conakU of 
B mere depression in the grouail, they ky toward tho end of November 
Oil egg of a slightly bluish-white, on which the parents sH dtematdy. 

Of the five apecies of Antarctic xwnguinSt OQtarrhui^ thryAolophtiM 
is the one that ventures the shortest distance southward, not gobig 
bdow 63south latitude. Solitaiy' individuals have been seen in the 
South Orknej' Islamk; farther north one fintk them in South Georgia 
and even in the Falkkntls, and in the eaat. on Prince Edw-ord, ifarion. 
Kerguelen, and Heard Lslanda. 

The Antarctic penguin {Pyg^dh anlarcficii), slightty smaller thai^ 
the pieoadiugj. is easily dktinguishad from the other penguins by tk 
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black line acrotis ite throat. It as 

pugnacious os th« other is peaceful- It Uv« in huge rookerHs Umi 
incloso Boniotimfia aa many «a flovcral huntirwl th^anda of mtii- 
vitluols. There are usually two ^ in each ntsL When one pene¬ 
trates into one of theso cities, during the season of reproauction. ho 
is immoaiatoly grootod by a deafening hubbub of disconiant croakmg, 
or of prolong pufling accompanied by violence, blows from beak 
ami whig, which makes one breitato to eater into the midat of Una 

hostile crowd, . * u • i,+ 

The Antarctic penguins place their rookoti® stnooumes at a neigni 

of more than a humired meters, and in onler to reach the sea to swk 
tho crustacoans of the genua Euphausia on which they live, they 
must often make a real jounioy} one aces iham sot ofl m httlo bands, 
in Imlian file, foUomng tho paiha that they have worn m the snow 
as a result of their mcesaant trips, and looking for tho moat favorable 
and least dangerous places along the cliff in order to tlescend to the 

On beachfts acccaaiblo to rookeries, there is usually a host of birds 
gatheretl there by tho thousand, reminding one of the ihronga of 
human being! that are attracted on fine summer days to our great 
beaches in Franco. They chat littlej simply a few reflections whi^ 
pered in a low tone, whde in the distance one heare the stir of the 
noisy city. In UiUe troops tha ponguhis take adTanlsge of a raomon- 
tan' cairn of the waves to throw therasolves bto tho water and go 
hunting, while others are coming back from the ojien sea. utteru^ a 
joi'Oua caw, caw, ami seeking the most favorable spot for lending; 
hea«b rifluig from tho w'aier, a last dive, and the wave, ndling m and 
invailing the beach, easts up the trcwi« of penguina that are couiuig 
back from the fishing; then comes the climb up the difl", the return 
to the rookery where they are to lake their post as guardiatus of tho 
uesls and allow those who are awaiting them to set off b their turn 

for the sea. o i - i 

Rookerire of this pongum are not found south of 65 UtUudO; 

one encounters them not only b South AmortHsan Antarctic regions, 
but m South Georgb, the Falkland bdands, and Bouvet. 

Tho third special inhabiting the Antarctic regions of South Araorba 
ia the Gentoo pengub (PygoserJw papua}, distmguiabed by the white 
spot above each eye and by its retl beak. Its rookeries, less impor¬ 
tant than those of tho Antarctic pengum, are situated to the north 
of the polar circle; m the circuro-Antarctic zone it is found as far 
as the Falklaii<.ls and toward the east up to Ifscquarie Island. Very 
different from tho preceding stales, these birds uo much quieter, 
living b the greateat peace with ono another; they receive visits 
from human beinga with Ires protest, hut with more uneasiness. 
Careful of their own appearance and of their rookeiy, their uosta 
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sn^ abo better constructefi, most frequentlTr nmiie of Htonca U> whkb 
thty soma tail featbem. In November they lay two eggs, wLito^ 
slightly tinged with assure. Fond of f&mUy life, these pengutiLS ssbow 
gT^At care in bringing up tlieir offspring. If tliey are timbl, careless^ 
and awltwanl, they have at least one gooil qualit}^—tlie tendenieaa 
theyshtrtv toward their young. 

Ifnch moro intcncstiug h iUu Adelle penguin 
lioinbmii and Jacqiiiiiot). (ta boaiJ and back are black with bLuLdi 
reflecUorL^ itH abort beak browiLkb-blaok, the 7 >upil of tbo eye 
eticirckd mtli a white iris. 

From whatever side one approachea the Antarctic^ whether from 
south of America or from the longitude of jUrica or of Auatralia^ 
throughout the circumference of this VBat (mlar continentp tho Adclie 
peiigum hi always one of the auimala encountered by tho voyager on 
hia route. This bird is eveiyiyiierOj watebos over everything; it h 
to Mj]ipin<1eeilp that the Antarctic belongs. Curious^ unruly, violent^ 
a chaiterbox anil biuatercrp of an ojtiraordinmy liveUneHs, you sliould 
see him dart Uke an arrow from ibo water to a height of more than. 2 
meters, and fall vertically down again on tho pioco of ioe or the rocik 
chosen for hb resting place, 

Never leavhig these regions nor passing north of 60® south latitude, 
they people the blfe of the frontierp the low elovatioJis of tho 
Antarctic contineut^ on wbich^ during a few months of tho yoar^ tho 
snow iu mdtirig leavee some clear spaces of soil* 

On slightly unevea locations they settle m uumerom colomos^ 
during the periml of brwiing and mishig their young, forming these 
noisy cities, tbcac rookerieSp which number tbouaauibp, often even 
tens of thousands^ and sometimes oven hutnlreds of thousoniJs of 
intlividuaLs. 

After having abandoned their rookerim for die winter^ w:lucii they 
puss on the o[>cn soa^ opfioaitc ihe land ice, the Adelies return in 
October to their cities and immediutcly take possossion of their rocks 
again. Indeed du^ rocks arc rnally tbeif^, for according to the 
^observations made on the sjiot at Poiermann^e Xslaud, where the 
F&urqum Fa$ wintered, I have ascertained^ in the case of tho Gantoo 
as well as of the Adeho^ that the same birds come back to tho sumo 
rookery year after year. 

When tho ccjcpedition arrived at Potermaim*s Island in Febnimy, 
1009,1 put on the right leg of scvoriJ penguins (young and old) some 
celluk>id rings of various colofa, according to the age of the birds. 
In Cembsr and Novembfiirp 1009, on tho return of the birds to their 
irokencs 1 hod the good fortune to recover a ucore of adults marked 
by me nine months before^ I did notp how^ever, recover any of tho 
young, whicli seems to indicate that thoy do not return to ihoir birth¬ 
place and do not iimte until 2 yearn old* 
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Since tin* reiura of tio BXj)e<iilion to Franco I have Icarnini Ibat in 
KoTiHiibor and Deoombcr, 1910, some ringwl birdu Lad been rocovcriMi 
by winders who, during the suiumer months, wont in search of 
rotucoum in tboso rf^ons. 

Tbo AiloUo jwnguin is a brave eminal and rardy tlcea from danger. 
If it happens to be lornwnled it fanes its ^grasaor imcl ruffloa tlto 
bW‘k foutbirs ■which cover its nock. Tiien i(. lakfts a stand for com¬ 
bat, tliu body Htmigbt, tho ammal erect, the beak in the air, the wings 
extended, not losing sigltt of its ouinu3'. It Uicn makes a sort of 
purring, A mnlDiMi grumbling, to prove that it is luit salMed and Jura 
not lost » bit of its firm retadurion to defend itacHf. In this guarded 
[Misltion it awaits events. If the enemy beats a retreat, then rite 
pongtiin abandons its monacing attitude; often it stays on Oio aiwt; 
sometimes it returns and, lying flat on the grrmnd, pnahtiu itaelf 
aljng with all the force of its daws and its -wi^. Should it be otbt- 
taken, instead of tri-ing to increase ita s}ieed, it stops, backs up again 
to face anew tho i«ril, and returns to ita position of csombat. 
tirara it tafcra the offensive, throws itself itn ita aggressor, which it 
punialics with blowii of ita beak and wings. 

With tho o[>eDing of spring, tho Adehoa return litUo by little toward 
thoir old rewkeries. Aa soon as they arrive many make tbrir bod on 
the snow as if to rest from the fatigue of their long journey; ih^ 
more rested nr It^ indolent hunt for pebbles neod^ for building 
Umir nests. 

Tito life of tho city becomes more and more nctivo; tho birds are 
earJi day more numoroofi. Tho sniaDest rock uncovered is nt once 
occupied. Small stones became scarcer and scarcer, and it is dlEEcult 
for new arrivals to procure them; tliereupon tho Inst comers resort 
to stratagem in order to steal from noighlmring noalB, 

Tho quarrels over ownership increase; each works for itself; selfish- 

ness rules as master; everywhere is distrust. 

One suftpocta its neighbor, which, when it approaches, suspects it; 
if it triiB, in sjdto of the cries and menaces, to come nearer, it is 
received with blows of ibe beak; if it tries to steal a jiebble and is 
detected, it ?a purauwi and severely punisbod. At aveiy morawit 
some quarrels, some battles, buret out. Often a dispute between 
two iudividuals, dt^gonenituig into a %)u, ends by spreading liie 
trouble into evoiy corner of the city. Tho Adolio is a savage mdi- 
vidutd, constantly in conflict to defend its propartj'. 

liVhcn the penguins come to their ruokerios tho male b^ns to 
search for a fonialo with whom it will stay until the j’oung are able 
to take care of themselves. At this time the male is full of aniniation 
before tho female a nd carries tm a very urd eat con rtship. So met imes 
two molivi having tho same tastes court the santo female. There is 
then soon a rivaln* in giiBntilry; llio female surrounded by' tW'O suitore 


I 
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who aUji(i, probably with ptplty i»T>rds, Uami not docicjo qaicklv. 
ao« intimcUted and those attacks of gdlantn- are generelh- ahd^J 
oj « regukr battle botn-eon the suitors; but wo can not say vsitii 
^t^nty whether the victor in the cotiieot itioviiohJv becoiDea tho 
husband of the lady Ad olio. 

Wliat confusion in these ciiioa of the AdaUe; how many quarrels 
over stolen pobblea and property righto; how many battles, too, 
® joeioua husbandsl And all this occurs on ground wot 

'"in, stained with mud the color of wine dregs. 

Iho Adehes lay two, very rarely three, eggs. They are alightjy 
^msL-wluto; their weight varies between 125 and 1.13 grams. 

L aying giD-s in the first days of November and ends hy the last 
^'p^*^®*"^*^*** female alternately sit on the nest. 

The female ti^os great care of the eggs; sevcrel times during the 
^y she turns them with her beak, then she rests on them so as to 
brmg m contact with tho shell the region of the abdomen wUch on a 
looptudinal median surface ie destitute of feathers. Tho lower nart 
of tho egg» rests on the feet of the bird. 

Incubation lasts from 33 to 30 days. 

The firet broods hatch in tho latter half of December. On hatching 
t ey arc cQVoreii iv^ith a uniformly blackish-gray down, darker on the 

auud, whirli tlify for or otght 

After the Uatidiing of the eggs^ which ends in tho first half of Jaou- 

eniniation. The parento must o^umo 
lh« difficult task of Qtmrishing the breeds, which are rapidly develon- 

lUso, when tho hatching is over, the malo and female in tura 
abucidui] thp nast fa a-fiyliirig. 

One sees tho Adelio quit tlio rookeiy' b little flocks, wluch 
^ways follow the ^o route, and b fioebg make veritable paiba 

m the anew to reach some pomt on tho coast where it will be ci^ to 

iaucieli out to litm, ^ 

The pci^miiis remain in the sea only long enough for the fishing. 
Thcro in they encounter their foimidflbl& onejiuPis, the killora 
and tho soak. The heron seal (ioftodoa cardnapha^tg), the Weddell 

pp^gui^ toko for their nourishment an ample supply uf 

^njpwiies. the birds return to tho 

wS'ii ^ awaited by their otTsprbg. 

With Its great belly, which reaches to its feet, Iho voung bird has a 

wpl^. 7.^"“ •'* “ *• <»l>er‘mis,iBov«l by liuMm, 

It runs after some adult returning from tho sea- M *w 

unfortunate until it finally yields. Through a sort of regutgiu^n* 
tbe b.M cu*, p« of tte u„„.,fXro Z 
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gluttoO} Ijuiring Ua hcfid almost puttrit in iln? bc'ok of the adult, 
fioarchfs for it. 

In general, tho bmotls abandon the nesta & foir at a time. The 
young HOT keep togellier in small groups, moving about, splashing 
in the midst of the reddish mud, with which they are coverod from 
head to foot. The very disagreeable odor which comes from them 
leaves some doubt as to the good hygiene of these animals, Eneh 
group is confided to the care of some adults which carefully watch 
over all these uoisy and already inquisitive yoong i^reAturca. One 
side of the rookejy ends in a cliff overhanging the sea or a ravine, 
some adults standing there as senlinels. Woe to the curious little 
one that ventvires too near the dangerous spot; the watchman, with a 
light stroke of the book or of the wing, remiuds the rash bird of the 
duty of obedient and of the need of returning to the ranks* 

In February the young, little by little, change tho down for the 
plumage which, they wear for a year or until the next molt. They 
ore now distinguLshed from the adults by the absonco of the whito iris, 
ako by the color of tho throat, which is white instead of black, tiu* 
line of white and black crossing the cheek below the eye. U is not 
until the next molting at the end of a year, in February or March, that 
they take on the plumage of the adnlt. At tho end of February the 
yourrg can care for themselves; they leave the rookeries and ramble 
in groups along tho coast* From day to day their number dimin¬ 
ishes* They leave in March, going northward to dwell on the open sea, 

Tho parents have done their work. Having labored for their off¬ 
spring during four months, they must now think of themselves. 
Winter approaches, th^ must form the new habit w'hlch wUl enable 
them to endure ha^l weather. They go to rest on the snow or in 
some crevice of the recks, sheUere^l from the prevailing wiadn, 
ITiey remain there in the some place, without moving, during the 
entire molting season; that is to say, for 20 days. They are com¬ 
pelled to live oa their reserve fat. The)' become unaightly, resem¬ 
bling birds poorly stuffed, eaten by Lasects. 

At the end of 'March, when the molting is over, the birds in small 
flocks grodually leave their city, to which they will ogain return at the 
close of winter, after seven months' absjence. 

Finally, the lost spociee, which, like tho Adolie, k distributed 
over tlic whole extent of the Antarctic continent, is the Emperor 
Penguin (Apien/Htyt€4 Forsteri), a bird of largo sizo, somotimfs 
rcadnng a height of 1 meter 10 centimcteis and a weight of 40 kilo¬ 
grams. It b a very beautifuJ bird; ita head ia jet black; on each 
side of the head a bond of golden yellow diininishes gradually toward 
the neck and ventral regions', tho back is bluish-gray, tho beak to 
the base of the mandibles purplish-roee. The Emperor does not 
leave the polar regions, where the birds are found in small groups 
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on the irpbfrgPn If two grf>up^t lifipj>Pii Ut m&et, tht^ IpHcIcre bnw to 
eaiJi otier, Iriwf^ring thi?ir beaks on their brejk^ts; reoidning in thts 
pewition^ they hold a Itnag ilbrouri^e; tlien* compliments haTing been 
eschangetL they niitie tJieir beatk and di^cribe a great circl-o with 
their heafc;- They act in the t«Mne way toward men, who generally 
have great difHciilty in understanding thk mimicry, obliging the 
ptMiguin to bi>gin over again. 

Tile habits of lids penguin arc Very different from those of the 
birds that we have just cunsidered. The mode of reproduction is 
very pi'ciiiiar, and has been ably studied by 3itr. Wilson, natumlkit 
of the Dlscm^ertf espG<lition. It occurs m the dead of winter, in the 
middle of the pfdar nighty at the end of June in cold lliut may reach 
fiQ C.® bdow zero when tho Emperora gather together near the conti¬ 
nent, on a solirl iceberg, to lay a singlo egg. There are no prepom- 
tions, riu 

To keep the egg off the ice, the penguin places it on his ff^et, held 
between hi^ legSr protected by a fold of skin covered with feathets 
at Oie base of tlic ahdcimen. 2 \s the incubation ncoriy two 
months, the birdR, of which not many are engaged in brooding^ 
pass the egg to one another in turn. At the hegiiming of September 
the young is hatched. As there is only one chick to ten or so adults, 
and fts every one of the latter wishes to brood, theti:* is much jostling 
and etruggling to get possession of the little one, that brings upon 
the poor creature unintendonal wotmdag sometimes causing its 
death. 

I'oward the end of October migration U»w*artl the north takes 
place, the birds letting fdienmclvcs be camed off on fragments of ice 
brt^ken from tlie icebeig; the chicks, still covered with down, are 
carried by tlieir porentfl. In JfwiuaTy they loee this down and from 
tbiii time on they provide for themaelves. 

While the young live on the outskirts of the icebergs the adults 
return south to seek eolid ice on which tljoy go to molt, then in the 
mmith of June they come U^gethcr again, and the cycle that we 
have just briefly described begins anew. 

We have been obliged to paaw very rapidly over the study of these 
birds, of which we have been able to give only a slight sketch. 

But it is easy to undemtand that fir Antorrtic region poaicfiaes a 
distinct aviaii fauna^ characterizeii by sevrraJ very remarkable 
zoological types, and presenting very nearly the same composition 
throughout its extent.. Different mem here of tbi? fauna extend to 
very variable distances over certain adjiu^ent limdH, in such a way 
0 ^ to exert a greater or less influence on the characteristiea of the 
omithoiogical population of neighboring regions. 


TIIE DERI\^ATTOX OF THE EUROPF^N DOMESTIC 

AXIMAI-V 


By Prof. I'r. C. RfiiT.ier (KurkTi). 


Thi^ tKinicndous nilvent-es ntmlG in aoogeographic m™tij]5atioi3s, 
dsjiociAlly those of the Wt fJecftdef nre-very gratifying^ and tlio nesultB 
have pro Yen «>spcriiilly fruitful in shedding new light upon Lertain 
geological problems, but they likewise emphasis^) another fact, 
namelyj that in dealing with zoogeographic qimtloTiB zoologists 
haYO ao far concemeil tlicmselTes chiefly with wild faunas. The 
domesticated fauna seems to have bean overiooked and it is saldoju 
Indeed that a modern zoogeographic work touches this phase in 
more than an exceedingly supeifictal way* AlUinugh the domeati- 
CHted fauna b still considered a negl^bk quantity by many, this is 
evidently duo to old traditions which one might well dbpen^ with 
at the pr^ent time. 

It b true that this relatively young fanna^ produced under the 
influence of man, can throw no light upon general geographic and 
geologic problems;, but it Wome^i important in the history of culture 
and ofTem valuable points in the discussion of antbropeJogical ques¬ 
tions. The faunal character of a given r^^on is very often dnmi- 
nate<l by the domesticated fauna^ and w-hilo the latter is small as far 
sa the imniber of species b concerned i yet it makes up for this by a 
largo number of individufdft. The domoaticated animEils enter into 
close compfltition with the surrounding wild faum anil force it into 
the hack^xjund or even to extinction. A long account might bo 
written upon the changes whieh have thus taken place m certain 
regions. I will wmply idlude to what has occurred in Xortli Americat 
South Africa* and Australia, where the native faima waa forced to 
retreat all along the linc^ in parts even exterminated, during the laat 
century* to make room for an entirely new fauna* that of the domes^ti- 
cated species. On European soU these changes tcKik place in a less 
vigorous manner* though tlie keeping of domesticated nnimRls had 
its beginning here in neolithic times* when it was very gcneraJly 

I TnmlAtcd bjponAhdOJ? ii4i V|lt TntamUmln m Cfiir 
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practiced in fioutherti Europe. The nntiTo fftmiA gftve tfav ycTy 
slowlj but fiteadilv, 

it la not my desire to discuss all phnses of this process, wLicJi ex- 
tomk back into ancient, yes, oven into prehistoric times. I omit a 
consideration of cliangoa in tbo native fauna and will confine myself 
entirely to tlio introduction of domestSemtod animals, so far as we 
can at present fiolonnmo the unlividual phases t>f tJiis process in 
Europe. TJie solution of tliia problem has Iwen attempted at varioua 
times, but the result has until very recently been incompleto, VTe 
shall attempt to demonstrate here what constitutes aatochthonoua 
donvfttioQ and what has been acldcd from foreign sources. 

It is evideut that the phylogenetic relationahlps had to be estab¬ 
lished before these Unglod problems could be approached. Half a 
cmtuij ago the task seemed hopeless. It is sufficiently significimt 
that the ceJohraied and venerable master of biology, Charles Darwin, 
as late m 1S51J, in the first chapter of his path-breaking work, "Origin 
of Spccim," gave utterance to the staioment that "The origin of most 
of our domestic animals will probably forever remain vaguo." TJilh 
really eoimdcd pesaimiaiic, almost like a scientifw; "Laaciatij oeni 
speranzar' ^ 


To-day wo no longer worship this posaimism, for bit by bit, though 
not without much efTort, we have had many surprising glimpefs into 
the nifijtory of the domostlcated anlmab of Euitipfl. 

In the same year, l&5fl, a French investigator, Isidore Geoffrey 
Slv HilnirOj approadioci ihesd probJoiEis in & decidedly oplindatio 
munner. Ho tried to detonnine the time of appearance and the 
geographic derivation of our domesticated animals. The Orient and 
particulwly Asia, Boemed to him to be tbe original home of most of 
thego animals, eapccialiy those which were attached to tiie home in 
the most remoto times, that is, the dog, home, ass. pig, camel, goat, 
sheep, cow. pigeon, and the hen. It is true, he approaches the sub- 
jert rather onoaidwlly, since he bases bis deductions chiefly upon 
cultural history and does not permit the necessary atidytic compara- 
tivfl anatomy to assume its proper place. He later received con- 
a^crahls aid rom Vi^or Hchn who followinl, entiroly one-sided, 
hnguKtic methods. His well-knoa-n work, "KulturpHanzon und 
Hauatiere in direm tbergang aus Asicn nach GricLenland und 
I alien, which received an altogethor und(«erved attention, has not 
aiways been accorded favorablo criticism from the scientific side, 

and even after Us careful revkion by Sriirmier it’may be looked upon 

m out of ^ 

In 1862 Ludwig Rutim^er's classic "Fauns der Pfahlbauten" 
ap^red and formed the turning point in the investigations of tlic 
history of European domestic animals. In this work, through pre- 
histonc and comparative anatomic methods, facte were adducid in a 
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scientific and unchallengeable manner, allowing that already with 
the beginning of the Lake Dwchinga a goodly number of domeatic 
animals had made their appearance in Europe. They were some- 
what diireront, it is true, from the present forms, beii^ more primitive 
and simpler in their race fusion, but nevertheless the races of tCMlay 
have their foundation in many inslanccs in those of tho Lake Dwell¬ 
ings. Eatimeyor's opinions, altliough many times attacked, have 
in tlie main remaineil unshakon. Ediuneyer was not sathdied to 
sini])Iy expound the liistoric facte, but lie attempted m a number of 
cases to connect these animals with their wil<l progenitors by com¬ 
parative anatomic studies. It is true the material available at that 
Hmn was very limited. The domestic animals of Asia and Africa 
wore little known. Even Europe, which might have furaislied vnl- 
uahle keys to the situation, was insufficiently exploreii, and in fac^t 
remains so to-day. The genial Sutimeyer neverthdeas rccogiiuod 
the relations with ancestral forms prafectly correctly. He cleared up 
the cattle qui^tjon and in conjunction with Hermann v. Kathuaius, 
dctermuiod in a different manner the derivation of tlie domestic pig. 
Other derivation questions, which be ilid not deem sufficumtly dear, 
he loft open for future consideration. 

Charles Darwin hailed Rdtimeyoi^s iliscoveries witli great eniliu.Hi- 
asm in England. He was even stimulated to undertake personal 
iDve8t%ations, which resulted in a commendable expoucuUng of the 
derivation of the pigeons, chickens, and rabbits. Even in tlie phy~ 
logeny of the dogs, be developed correct an<l basic principles. 

Other questions of the day forced tho problem of domestic animals 
into the bacl^round, whence it later emerged to a prominent positbn. 
A rotrugressive movement tended to discredit the Darwinian basis. 
But the domestic spodes ivoro responsible for the most important 
foundation of tho Darwinian teachings, and a careful re\'isiDn of 
those, therefore, seemed absolutely noceraaiy to support these doc¬ 
trines. In foot, the study of tho history of the domestic animals of 
Europe and other places had never ceased. .Austria has at all times 
displayed a lively interest in such problems. I will remind you of 
P^tzingor, who followed domesticated animal geography until 1876. 
The labors of Wilkens and especially those of r.aopold Ailametz have 
thrown much light upon the cattle question \'icw6d from the zootech- 
nic standpoint, while those of Woldricb and Jeiteles have empha¬ 
sized the prchwtoric side. In Germany tho labors of jVlfired Nahring 
are well ^own. ^Yith the assistance of my students I have per- 
sonully attacked the problem of the domesticated animal in all its 
phae(», and thus a lot of material has accumulated, which will give 
us a clearer insight into the question. If wo examine the derivation 
ttfistw"— s» leia—M 
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af Eiimpeim dpmc^tic luiimiik in iiiQ light of our jsrw^'nt knfiwleilgiej 
wo find it oYiiloni ihiit they cam6 to tifl from v&rio^is »ourceo. 

In tlio first placc^ ifi'o have u liirgo oonlmgt'fit wliitli h of EiHX);>oan 
origin, njul tliis muat [leaignaie linviiig twin ilerivod in m 
auUHihlJinnotis maiuior. 

>\Jfrcr] Xohring fumishod tho conTincing proof about tho horso, 
that the heavyj oolm struinsi which one designates as occidental 
are traceable to a dUuTial wild-herso anccat^>r of niuli^Ue 

Europe. 

The pigs ivith the sharp hacks ^ still alnoiigly ropraionteJ in the 
norili(''m jVlpa^ especially in Bavnriu and northern Crermim 3 % were 
shown l>y Hermann v, Nuthui^ius imd Tn-udwig RhtiinojTr to lio de^ 
scendants of the wild pig of Europe; md the short-tuileil domestic 
ahoop, which at preset!t have been forc6<l far to the north, tipjiciir 
very pjnobablv' to have been doriTOl from Ihosotifh Eumpean monilon. 
Xo investigator doubta, sbtee Rtitimoj'^or maile his brilliant investi¬ 
gations, that the heavy cattle of the steppea of southeastern Eiirt>pc 
and the lowland cattle of northwra tern Europe have sprung from the 
aurochs (JBo# ^ which pends ted as a wild animal down to 

lustoric times. In spita of all the remfjnstrajices made to me, I am 
still fercedt even more tlmn ever, by mj^ recent investigations, which 
will be published in a large monograph in tho near ftdure, to con¬ 
sider the mainlAnd of Greece as the KtarLing }K>mi of tho Bos primi^ 
domDstication in tha early' ifyeenian times. The entim 
proces-s hi claarh" ropresent^wi on tho noted gold gpblot of Vaphio, 
which imcloubtedly is based upon dose obserration in nature. Otie 
might object, sabring that no ostoological finds of tho ur (aurochs) have 
been made in that region. But yet I have recently t lemons (rated 
moans of oifi (Cretan ur ftictures and imdoubtod «r bunts timt Boa 
primi^fniva lived in (hfit. Pogion up to the early bktoric perioil all 
objoctbna tnoat vanish. Tho la tost finds tell us that oven before the 
Mycenki prbil the domestitaiinf of animals had begun in C'rolo. 
The latest effortB to prove that the nr Tn^aa, first domesticntEKl in Meso¬ 
potamia appear to me to be onlirdy misplaced. 

To the BraoUer domestic*ted animals, Europe has but compara¬ 
tively recently—that is, in historic times—added the rabbit, the goose, 
and the duck, A second category of domestic unimals in Europe 
b surely of ^Vsiatic origin -thiit is, introduced. This is not but- 
prising, for Europe, googmphicdlly consideretl, is only an Asiatic 
dopondoncy. Xothing seems more natural than that this cobisaus 
land should have given ua much from its overallundunco of ilomcstk 
animals. I feel certain that the spitz dog, like the peat dog of the 
La ko Dwellers, came from wes tern .j\aia. Even o f more certain ^Vsiatic 
origin aro the broaae dogs, whoso little-altered descendants greet ua 
t^<iay in the fenu of the shepherd dog, both of which have sprung 
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ftiiDi th» Indlati wolf. It i-s easily darnoDHtmtei) lliat tho original 
home of (ho groat "dogge" » to bo found in the hJghLmck of Tibet. 
They bccmne ostabliahed in Europe at tho time of Alexander the 
Groat, and uppeatod m otir nortben) Alps at the beginning of the 
firal cniitury, where they were distTibut^ b}^ tile Romans. They 
fana'e been demonstnited in the Roman-Hfllvetiiut colony of Vm- 
donissa and in poiithem Gormnny, 

That the dometatie gont, wliich was kept by the oldest I*tiko l>wol- 
iers, is of west Asiario origin, and derived fojm the lla;iii]ar goat, ia 
imiveTSiilly acknowledged. It camo thnnigU tho Aegean Islands. 

In very early times, during (ho Mycenian jteriod, wool eheep 
learhed Greece and tho rost of southern Europe. The story of the 
*'GoMen I’looco" points toward Colchia, to lbe east of the Black Sea, 
as its Driginid homo, and zoogei>^phifl faota point favorably iu 
that direction. 

As for our pigs, the investigations of KOtimeyer and Nathnsiug 
have proved that even in prehistoric timne jVoiatto blood roached 
Europo. The bondeil pig (Su* vittatvs) distributed over southoiist 

ia is the ivild pig from which tho domesticate<l Asiatic pig has Iwen 
developed. .:UI doubts about this are dispelloil by tho anatomfo 
fads of the cose, Soulhem Eurojichas always kept thme pigs to the 
evclutiiuu of all othcra, X was able to demonstrate their presence in 
tho iEgean Archipelago, even na far back os tho neolithic period. The 
exominaiiori which I conducted upon Uio skulk of tho Spanfah and 
Sanlinian ditmesticated j>ig 9 showed that even to-day the jVsiutic 
race has rotoined its pura strain in tho Mediterranean region. It 
was long unknown which ocean route had lieon used in the tmnspor- 
tation of this onimoJ, in so far as the Semitic niUure of Mesopotamia 
probably refused thk domestic animal. Idppert expressed the 
opinion that it might have ronchcil tho west along the northern border 
of Mesopotamia. The investigations nf J, U. DOrst upon tho bone 
remains from the old culture strata of Anau In Turkestan have sub- 
stan tutted these opioiona In eveiy way, 

There can bo no doubt that ,-Vsio gave to Eimtpe from its wcallli of 
domesticated horses. The dainty oriental horses pro vail over others 
even to-day in tho otist and south of our continent. But wholhef, in 
adrlition to tho PrzewakJqjf horse, another ancestral horse ivill have to 
l >0 considered hiis not been completely established as yot. But that 
horses were first domesticaterl in the interior of Asia baa been estab- 
IWieil from tho historic cidturul fact that the domestic hoisa apjjeared 
first in largo numbers, hktorically conaitbred, in tho interior of jVsia. 

The prehistoric presence of tho domestic horse k known for Turk¬ 
estan, where it occurs in the very olilest culture strata. Thk has the 
characters of the oriental horse and was of small slao. It may have 
bec^mo distributed over Asia Minor at on early period, whence it 
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must ISkely xeachod Europe Oirougli tlio old Crotim imd ^linm cul¬ 
ture. Artiiur Evanfl diaoov^srod pictures at Knossos in wMch homos 
wpro tran^fjorted upon ehii^s* 

hi a fow words I would like io paint out that tho spocics of duncls 
appoarod first uiidor domestication in the interior of Amn. and that 
their distribution was rolativdy late* Europe received thia Asiatic 
coniribution only in the souths a ad there oven only locally. As a 
curioaity it might be mentioned that tho (mi mol appeared in the 
northorn Aljis at tbo begitLrdpg of tho fim century. 1 received a 
frngmaiiti of an Upper jaw from the lleivotiau-Roman colony tin* 
donissa. The Kotnans probably only introduced single aninials for 
shoWj for it is hardly possible that they wcsro used for agricultural 
purposes. 

The oldest center of domesticated cattle ia situated in sou lb east 
Asia. I devoted many years to the rattle question and was able to 
dcnionstrate upon the bEt^is of proper nnatomical miitcrial that a 
single spadodj tho banteng (Bos ^ondniru^), which still exists in the 
state in those rogionSj constitutes tho eek progenitor of thfit 
stock. This stock migrated weat'rtimiT naiudji into Africa p and the 
smaller xacos reached Eumpo^ even In prehJ^itoric i imes^ where they 
have continued to the present day aa the smaller ^ short-homed race. 
The .'\jTift tie stock is the richest in mdividuuls and the must universally 
dbtributod. 

Of our domestio birda^ tho hen, as Darwin has pointed out, b of 
southeiist Asiatic origin. In those regions alone combed chickons 
cocur in a wUd statep We can fellow the route of the hen over 
Persia to Greece, where it ATrived in the middle of the first century 

C.; that ht in historic tlmiits. 

The peacock also comes from southern Asia. 

The pigeou is probably of west. Asiatic origin^ for in histoty it 
appears firjst in the southeast comer of the Mediterranean, where it 
ia frequently associated ^vi^h cuttural rites. On tho other haudj the 
pigeon was already welt established during Ll\e older dynmatie^ of 
and it m not Impossible that it was first domesticated in. the 
valley' of the Xilc* Wo do nut to discredit n Cfimddorablo cod- 
iribuiion from Asm^ but I have for j'eara defonded the pasition that 
Africa has furnished us more than ive have been accustomed to 
admit. This African importation Is quite considerubk. 

Even the short-homed cattle^ M'iuch reached Eum{>e during the 
neolitldc period and which has maiutamed its primitive form in 
southern Europe, and has continued as the broum eaitle of tho centrat 
AIps^ it $eenis most plausible to mo^ appears to have reached Europe 
from Asia by way of Africa. Even Rfitlmeyer noticed that the 
typical form was found in north Africa. Ijateli- Prof, NavUlo has 
found a wonderful etoao atatue of a sacred cow of the eightootitb 
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dj-TtastVi whose lieiid corresponds ^stiiiderfully mth that of the Sar- 
ciiniaa cattle. Western Asia never did poss^ a suiliulontly great 
abundance of cattle to part vdih. a con^deruble quantity of it. It ia 
also a retuarkablo fact that short-horned cattle appear relatively late 
and scantily in tha cultural strata. It b possible that this cattle 
may have reached western Asia b}* way of and Syria^ for the 

culture of the Nile Valley b much older than that of westeni jVsia* 

Of uuilotibted Afrioau origin b the peat sheop^ that small goat-liko 
race of sheep ^i-hich was fir^t demonstrated in the Lake Dwellings of 
STiitzerhmd^ and wliich has mamtaioed , aimast as a pure a train j 
Uy iho turning of the cenlun"^ in small remnantSp in the lesser isolated 
valloj-s of the Bundneroberlaad. The charaoters^ of the skull and the 
lung Uiil point to a half sheep. Old iSgi'^ptian picturos teach us that 
the African luuned alieop v:u& domeaticaied at an early peritjd in tlio 
Nile Vune_r; aud I Hiirmise that the jwat sheep has made its way from 
Eg)rpl over Greece to Etimpe, I base my conclusioruiE on this j«iini 
uptm a few ^uep pieturca from the Mycenic period* Lately I found 
not ouly i>e*it shoep reuuLins of the neolithic jmricKl m CteUi, bat 
alaOj to my groat surprisOj many herds of smalJ^ pure straiiij |M+at 
sheep in the hUb of CrotOj which have been able to maintain thum* 
solvoa tharo in full vigor to the present time. Of African source is 
also the domestic tis«r whoso derivation from the African wild ass 
wiis cyomplotoly tlomonstrated by Darwin. This animai entered 
Eurtqia at a verj’ early date, but became an agricultiiriLl element only 
in tJie lands along the Meiliterrancau. Its domestication dates for 
back in Africa. It was pressed into service long before the homop 
and was probably first domesticated by the old Ilamitas, 

That the houi^ cat is of African origin goe^ without ehallengo; 
likowiso tlmt it was extraoted from the Nubian cat. It is mbsing 
hi our Lake DwoHing period, and has made only slow progroa? in 
historic times in Euro]se, 

Africa, and espenially E^qjt, has also fumbhod vis some of our 
dogs. The Pari a dogs of Turkef and scJUThcni Bulgaria, which 1 
had a chance to observo recently in ConKtafiiiiiDplfl^ are related to the 
Paria dogs of IfeiiJl. 

The greyhoumb ore undoubicdly of .Wrican origin and are dpiived 
from Uie Abyssmion wolf {Cunis In the time of die older 

dynasties the greater part, still po^essed erect ottm* and they woro 
greatly prized in the land of the Pharaohs. This old raoop which one 
fiiub so often represented on antique mural paintingSp became extiuct 
in the Nile Valloy at an unknown period. Their progou 3 ' has, 
through further domes tioa don and breevUngj become strongly 
ehangctk but not entirely loat. I recetiU^y found living on the east 
Sptuii^h blands of Maliorka and Ihba a strong colony of the erect- 
oared gru-yhound of old Egypt, In 1909 I was able to demunstrate 
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iL socood Colony on tJio L^Jtmd of Ct^lo. For thu long-oftred hunting 
dogs \vc will idso hnvo to asstimo ah Airicou origin, for they flpptatr 
first in tliQ pldeat dynaiaUos; in fact, Jt h quoaliouablo il thoy havo not 
boeu domuustrsted in nbolithiu timoa, thougli tMa seeiiLs to bo catry- 
ing things s littlo Loo Ian Htmtlng dogs reached the hmd^ of Uio 
Moditerranean from whoru tho^'' are atiU^ mimericaUy 5}>eak- 

ing^ be^t roprosonted^ 

la oonduaiuiip I wish, to aiiartver tho quosliont From what placid in 
.Vsia and Africa did the aaimak emigrate to reach Europe i 
This question La moat intiimttely reLaled %viih iho derivation of the 
bium total of Ei;ifO|)cai] culturo, of which the domostic animidifs form a 
coDsidarable part of Lke oulttmLl acquiramauti, 

I low far the iimds of the Caucasus have figured as an ctitrance 
jKjrt remains to be detarmin'ed. It is iiupDrt 4 inti to consider noTt 
Uic iEgcan Isles m tm mtcrmediaiy, for these form a brii:igc to Europo. 
Hero one has recently discovered a peculiar island culture^ whicli, in 
many mpectSp tnight bo eonaidored Jlycenian. I'hk, of counsio, is 
imcertiiLn^ To uur great surprise^ a much older and much more 
rumarkable eutture has been discovered on the islaud of Crete in the 
litsl lU years, FoIloM*iiig Arthur EvanSj ona now calla thia the 
Minoic culture/' This must be considaned the root from w^hicli the 
later Myceniim ciiltiiro eprai^. 

I convinced mjaalf in 1009 by examinationd made on the spot 
Umi the Minoic bona remains and pieiures embrace the most im¬ 
portant domesticated animab of Europe. 

Old Crete, indeed, formed a stepping-stone over-whicih most of the 
domestic aiiimjils of iVsia and Africa passed to reach the nuiinlaod 
of Europe. The gecgraphic position of Crete was exceedingly wall 
auite*:l to play this mtermodiary rfile, for in the first place this 
island lies DcjuJdkLant from the throe cantinontSp and, bn^ides, it 
possej^ed u considerable m\y even at the time of ^linos, whose ships 
were in dose touch w-iih the east and s^juth. Even eg far back as 
3000 B. C. a decided cultural infiueiice from Egypt ufiected this 
laige Ldatid of the Aegean Sea, ^hile the jlsiatic ixiHuencu was still 
scuTi'dy recognizable. Painting and sculpture show remarks bio 
progress at an early period^ of which the animid reprasentBlions 
ptK^dca'5 an osjiociul mtero^t to us. Bone finds also are not absent, 
and theiit> diwuments Inrtush us with valuable data concerning tlie 
trend Laken by wiinderings of the domestic animuk. 

Crete was, even during the neoUtliic culture jieriod, a pTumlncnt 
center; for example, tho neolithic deposits in Kno^os, attained the 
size of 6 motors or more. In these T was able to demonstrate re* 
mains of the peat sheep, the peat pig, and peat cuttle. Thoso mces, 
ihereferu, have Undoubtedly been transmitted to us over Crete. 
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lu ifocliios, ttn linoiinnt oultum station on the Buv of MmibBliap 
I found upon tlio Ud of a v^sol made of Lkck stoatiie the splendidi\~ 
ciimH] figui^ of an t^reci-flamd greyhound. Suoh groyhotinds as U'oro 
bred in E^ypt had evidandy reached Crete 2000 years B, C. They 
appe^ired then frequently upon ancloui CYelan eoinst siieh os those of 
Kydotiia, The greyhounds of Crete wire famous in ancient days 
and were eixportcd in great nnmbers# to Hie msiidand of tireece. 

The sniuo route followed hy the eat. That their Driginal 
home is to be found in the Xile Valley may bo a^siimod. They 
reucliod Crete during tiio later Minok poriotl, for we know of n 
mural painting belonging to the pcriocl of about ISC^O C. which 
eonies frtim Phiisioa and repreaents tlie domestle eat quiLO well. 
This unimaJ tdso ap[MSHrs U|njn a ifyccnic terra cotta from tioumia* 
ft arrived in Greece much later^ 

Horses were obtained m ^\sia Elinor. A picture from Rnossos 
repri^JtL> their trans[MjrtaiiDn by boat vety graphically. In it Bimilar 
manner the ass must ha^'o reached Crete and Greeco from north 
Africa. 

It call be sho^m vnih considerablo certainty that the pigeon 
reached Europo by way of Crete, It is picturwi at the time of ilinoSp 
and is Associated with cultural rites. It probably readied Sicily from 
Crete, 

An important domestic bird of Egypt, the Nile goose, Teas also 
brought to CVete. Its picture occurs upon an earthenware coffin, 
esicavated at Gortyna; but tnb bml dbappearod there as in its old 
homo and was unable to roach tho mainland of Europe, 

If we rocaU that imcient oven during the Hero period, 

and in the begmniiig of the earUest historic jjeriod. extended its 
culture over the Cyclades and even subjugated Athens and pi>s.^essed 
colouios in Aam ifiimr, then we will understand its bearing on the 
distributian of the donieslictatcd animal oiiiture. The great peiiui! 
of iliuos Island b post, for already at the conclusion of the Trojuii 
War a ilGolino began, nod its independence W'lui losti to the Romans at 
the la^inning of the first centurj*. But the domesticated niiimak 
of that ancient [Ktf'isid reuvained and persist as li^dng relics even to the 
present day. 

I Imre been taught by an examination of the domestic animab of 
Crtua as they exist to-day that the old peat cattle, the CYetan dogs, 
and the goat^like peat sheep are living witnesses of that anciont 
domestic animal migratiou whose ultimate goal w'ua Europe, 
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By E. A« ScaAmBp LL.D., D.Se, F.R.S., 

Profiswor of Phifnoi^ in StUnhargh. 


PREFAi-E. 

In tlie foDowing osaay^ which fom^od the presidentml address to the 
Biilbh A^socktioa at its tiieetiiig m Dundee in 1912, 1 have tried to 
indicato in dciir language tJie general trend of mfjdem hiocheniioal 
inqiiiri^ regarding the nature and origin of living material and the 
manner in which the life of multicelluliir ut^faniama^ eapecially that of 
the higher anitiials and man, e niiuntainedp I liavo also stated the 
concluaiom which it appeata to me may legitimately bo drawn from 
the reauJt of those inqmries, without ignoring or minimiKing such 
difficulties as these oondusione pr^nt^ 

TJiere is* it may bo admitted^ nothing new in tho idea that living 
matter must at some time or another hovo been formed from lifeless 
material, for in spite of the dictum omne vivtm e there was cer^ 
taudy a period in the history ^ho earth when onr planet could have 
supported no kind of life, as we understand the word j there can, 
therefore, esdst no dillereiico of opinion upon this point among 
Boientidc thinhora. Nor is it the first time that the poas^ibility of the 
synthetic produeiioii of living substaucc in the laboratory hon been 
suggested. But only those who are ignorant of tfie prugreaa which 
biochemistry has made in recent years would be bold enough to 
affirm that the subject is not more advanced than in the days of 
Tyndall and of Huxley, who showed tho true adeutific mstinct in 
afiirnung a belief in the original formation of life from lifeless material 
and in hinting at the possibility of ite evenmal syntliesis^ although 
there was then far less foundation upon which to base such an opinion 
than we of the pr^^ent day possess. The investigations of Fischer, 
of Abderbalden* of Hopkins, and of others too numerous to mention, 
have thrown, a floini of light upon the oonfliitution of the materials 
of W'hidi living aiih^tance is composed^ and, in particular,, the epoch- 
making xesenrchcs of Kosael into the chemical composition of nuclear 
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sHbstflQte—wtlieb in ci^rtnin fornv^ fnsy be regurUt'cl ha thi? simplest 
tyjjo of living matter, whik" iv ia eertaijily ihe/ofwf tt of all acLive 
cbemical processes it bin mc^at eelLi—have shown how niueh less 
complex in chenaical naLure this substance may be than physinloglsts 
were a lew vejirs ago acciistomecl to regard it. On thb and other 
grounds it has laidv been independently suggested by Prof* Mmchin 
that the first living nmterial origin idly took thn form, not of what is 
commonly tcmied protoplasm, but of nuclear matter or chromaiiri: 
a suggestion which appears by no means improhalile. 

If the honored names of OhadeH Darwin, Ernst Ifarkeb and August 
Welsmann are not found in the foUowuig pagi'a, it isliecause exigen¬ 
cies of sjiace and time rendered it necessfuy" to deal iilfLinly wiih the 
more modem developments of tliis chapter of evointionsiy' history* 
For other but not less rogent reasons all metapln'^icat speculations 
on the subjects dealt- with have been avoided. The study of natural 
knowledge, as the Royal Society at ill qiiaintly describes in its lille the 
investigfttion of the phenomena of naturej is never propedy advanced 
if mixe<l up with the *'supematurfll" or if metaphysics k appealed to 
for the expliknaiiou of scientific problems which can not at onco lie 
solved by ordinary aehmtific methods; and it behooves us to eluninate 
all eonsiderations involving the inlorveiition of superaniural ageiicic]* 
juai as much hi conneeijon with scientific inquiries into the tnitnro 
and origin of life as with all other matters which ftre prnpedj' iho 
iUibjeci ot BcicntiJic investigalion. Tlik k not materialiam^ bni 
common aonse, 

Thefiret part of the subject of this address is dealt with at. consider¬ 
able length and m a strictly Hriaiitific spirit by Lu Dantee in *"Tho 
Sfiture and Origm of as well as by Daatrti in the hook mentioncfJ 
on the next page. To works such as these the reader is refemHl for 
the numerouiA dot ails which it k impossible to include wdt Inn the Urn ha 
of n short essay, 

OEFJNmON* 

Eveiybo^ly knows^ or tliuiks ha knows+ what life is; at least we 
are all acquainted with ite ordinary, obvious majiifestations. It 
would therefore seem that it sbould not be difficult 10 dni! an exacd. 
lipfinltion. The qut^st has, neverthclcsa^ bafHcal the mo»t acute 
thinkais* Ihrljcrt Spencer devoted two ebapters of lik '"Principles 
of Biolog}^*^ to the dkeussion of the attempts at definition w’hich 
hail up to ibitt date lieen proposed, and himself Huggested anotlicr. 
But at the end of it all he k constrainc^l to aiimit that no cvprcseiioii 
hatl been found which "Would embrace all the known manifestations 
of animate^ and at the aaine time exclude those of admittedly 
inojiinmLe^ ohj^H'ts* 

The ordinary dictionary definition of life k *'the stale of livuig/* 
Dftfltre, foUowiog tlaude Bernard^ defmes U as "the sum total of 
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the phenomena common to eli tiTmg hetmgs/* ^ Both of thi^ 
dofimtiona iLte^ ho wove of the same character 09 Sidney Smith's 
definition of an archdeacon as “a person who performs archidJaconal 
functions/' I am not myself propoaing to take tip ynur time hy 
atU^mpting to grapple with a task which has proved too great for 
the mteUeetual giants of philosophy, and I haYa the less disperaition 
to do so^ because recent advancaB in hnowleclge haTo siiggoBtod the 
probabilVty that the dividing line between animate and inanimate 
matter is loa^ sliaq» than it has hitherto been regardedj so that the dif¬ 
ficulty of {mding an Ineliisivo dclmition k correspondingly increased^ 
As a more word ''lifo^' k intcroating in the fact that it k one of 
tboeo abstract terms wMch ban no direct antithesk^ although proba¬ 
bly most persons would regard ^Meaih*' in that light. A UlUe con- 
ssideratian will show that this k not the ease. " Death implieB 
the preexktence of ''^life/' There ara physialoglcal greimds for 
regarding death as a phenomenon of life—it k (he completion, the 
last act of lifo^ We can not speak of a nonliving obfeet as possissing 
death in the sense that- wc sjjeak of a living ohjwit as po^^^ing Hfe, 
The adjeefivo ^^dead^' k^ it k tnic^ applied in a popular sense anti* 
tboticaUy to objecta which have never possessed life^ as in the pro- 
verhiul expression ''as dead as a doornail." But in the strict sense 
such ap]>lication k not juatiiiablcp since tho use of tho terms '^doad” 
and ‘^living"' mipHes either in the past or in the present the ponses- 
aion of tho recognized properties of living mutter. On tho other 
hjmdp the expressions living and animaie and 

fumkh tenus which are undoubtedly antithetical. Strictly and 
literally the wortlw animate" and In animateexpress the presence 
or absfjici' of *‘soul/' and nut iiifrt*quently we find thi^ tnrtn^ "life" 
and "soul" erFoneiiusiy employed as if identical. But it k hardly 
necessary for me hi state that the remarks I have to make regarding 
"life" must not be taken to apply to the conception to whkh the 
woni "soul" k attached. The fact that the formation of such a 
conception k only ]io3siblo in connection with life^ and that the 
grtiTvth and elaboration of the conception has only fx?en possible as 
the result of the mo^t complex proc^^sscs of life in the most complex 
of living organkmaj has doubtless led to a belhd in the identity of 
life with sold. But unless the use of tho oxprfussion "soul" k 
extended to a degree which would dejirivo it of oil sjiecial Kigtufi- 
cance, the dktmctiou between thi^e terms must ba strictly umin- 
tained^ For the problems of life are essentially problems of matter; 
we c-an not conceive of life in tho sciantiCc sense os exkting apart 
from matter, Tho phenomena of life are investigatedi and can 
only be invostigatedj by tho some methods as all other phenomena 
of mattecp and the general results of such luvestigatioiifl tend to 
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show that li ving beings aro govi!itlCHd hy laws idantica] with those 
which goTcm inanimate? timtter* * The njare w& stuJjr the manifes- 
tuiioriH of Ufe the mnre we become convinced of the truth of tbifl 
siatemeoit. luid the Icfs we are disposed to caU in the aid of a special 
and unknow'H form of energy to explain those mimifeatationB. 

PltEXOMENA IKOICATIVE OF LIFE—MOVE>CENT. 

The moat obvious matLifeBiutiorL of life is '^s|xintarirous" move¬ 
ment. We see a man, a dog^ a binl move^ and we know that they 
are alive. We place a drop of pond tvater imrier tho microscope^ micj 
jiee numberless particles raphlly moving within it; we afTirni that it 
awanne with " Wo notice a small mass of clear slime chjmging 

its shape^ throwing out projcctionii of its stniehirelesa subs Lance, 
cn^pping frfun one part of {.he field of the tnicrosoope! to another. Wo 
t^^eogniiiu.' ihat the sUme b Ih^ing; we give it a name—b'f?iirjj— 
the slug amceba. We observe amiilar movements in inii ividual celb 
of otir own l>ody; in the w'hite corpuscles of our bloody m connectivo 
tissue cellsj in growdiig nerve ceUs, in j^oung cells everywhere^ We 
dcDoto the similaiity between these movements and those of the 
ammba by employing the descriptive term ^'amceboiiP^ for both. 
We regard such movementa as indicative of the possesaion of 
nothicLg seems more jusdiiabb than such on inference. 

But pli^^cists ^ diow ua movementB of a precisely aimilar charflcter 
in substances which no one by any stretch of unaginatiQn can regajrd 
as lii-ing; movements of oH dropa, of organic and morganic mbttures, 
even of mercuiy globules^ vrhieh arc indbdnguiahablc in their char¬ 
acter from those of the thing organisms wo have been studying: 
mofvemeats which can only bo described by the same term amffiboidi 
yet obviously produceil as the result of purely ph 3 "Bioiil and chemical 
rimetiona causing changes in surfifltco tettsion of the fluids under exam¬ 
ination.^ 1% h thexofore certain that such movements are not sjrfr- 
cificallj' * 'vital," that their presence does not necessarily denote' ^lifo.” 
An-rl when we invcastigate eloficly^ oven Buch active movoments as 
those of u vihratiie ciUum or a ])henomo-noii an Lntimatoly identified 
with fife OH the contraction of a muscle, we find that these prcseitt so 
many analogie^^ with amoeboid movements as to rendar it certain 
that they ore fundamentally of the samo character and produceil in 
much tho same manner.* Xor cun wo for a moment doubt that the 

10. AjuuL d. Fh^Mk tl Clwnt ^ mxl 1^, 
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Cftmplex Rctionfl which nr^ chiiracteratie of die moro highly 
ontiatiTil arganiems have Ikwa developed in the courso of evolution 
from the simplo moverticntft characteriziEig the activity of undiffer- 
entiateii protoplasm; movementa which can thcmscIveSj ai» wo have 
Bccn^ be porfoeUy imitated by nonliving material. The chain of 
ovidonco nganling thia particular mamfcstalion of Ufo—movemerit— 
ia complete?. Whether exhibited m the luncpboid movement of the 
protctisi animalculo nr of the white corpuado of our blood; as the 
cilian' motion of tlie bifuaoiian or of the dhated cell; as the con¬ 
traction of a muscle under the goveraance of the will, or as the 
throbbing of the human hoart responsive to every emotion of the 
mind, vve can not but conclude that it is alike subject to and produced 
ill conformity with the general laws of matter by agendoii rosombling 
those which caiiac movements in lifeless maiena].^ 

ASalMlI^ATJON AMJ I>ISASH IMIIJITIOX. 

It will perha]>s be contonded that the resemblances between the 
movementa of hviag and tinnliving matter may be only anperficiair 
and that the conclusion regarding their identity to which wo arc led 
will be ilissipatridd when wo endeavor to penetrate mom deeply into 
the working of living substance- For can we not recognize along 
mth Jhe po^^sesajon of movement the presence of other phenomena 
which m.' equally charactcriislic of life and with which nonliving 
material is not endowed? Prominent among the characteristic phe¬ 
nomena of life are the protM^aca of ossimiUtion and disassimilatioii, the 
taking in of food and its elaboration.^ These, surely, it may be 
thought, are not shared by matter which is not endowed uiLh life. 
Unfortunately for this argumerit, similar processea occur character¬ 
istically in situations which no one would think of assuciatiiig with 
tho presence of life, A striking example of this b afforded by the 
osmotic phenomena presented by solutions s£?parttted from one 
another by eemipermcabio membranes ov filmSp a condition which k 
precisoh' that which ia constantly found in living matter,* * 

It h not so Jong ago that the ehemistn^ of oigimic matter was 
thought to be entirely differeni from that of inorganic substances. 

I Vlld Epoatiulctiri » ndlJj icnpled by pami liSieiffAt ^ bljtikiey, li lUspFOTvd hj Lhe wbclB hutarr 
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But the fine betw^eu and orig^nio cbeniifitr}% which, up io 

the middle of the lest centurj" appcfiriH] sharp, subeequentl}^ became 
misty jmd has now disappeared. Similarly the chemistry- of livini^ 
organismsp which is now a recogniEotl branch of or;gamo dienjisstry, 
but used to bo considered as so muoh outddo the domain of tiio 
chemist that It could only be dealt with by those whcjse $]>ccial 
husiuesa it was to etttciy process«a, h passing mono and more 

out of Gio hands of the biologist ajid mtn those of tho jniro chemist. 

THE cx>]jx>iD voK^viT^ios OF LiFisfj turriiii. 

Somewhat, more than haK a century itgo ThooxiiafirahaTii published 
hb rpoch-makifig obserradons rdal.iiig to the properties of matU^r in 
the colteidal state, obseiratiom which are proving idl-important in 
assisting our cotnpreheii&ion of the properties of hving aubstance- 
For it is becommg evor^' day more apparent that the chemkli^^ and 
phj'sica of the hving oiganbm are essentially the chemistry and 
physics of nitrogenous colioids. Lining substance or protoplaam 
always, in fnet^ takes the form of a colloidal solutioii. In this solu¬ 
tion the coUoidsi are osHri^ciated with cty^stfdloids {electrolyt-e*s)^ which 
arfi either free in the solution or attached to the molecules of the 
colloiilsp Surroundiag and inclosing the living subst^xco thus con* 
atituted of both colloid and ciystolloiii material is a film, probably also 
formed of coUoid, but which may have a lipoiii substratum associated 
with it (Overton). This film aervos the purpose of an osmotic mem- 
bninoj permitting of exchanges by’ ilifTiision between the colloidal solu¬ 
tion CODSlituling the protoplasm aad the circumambient medium in 
which it Htcs. Other similar films or membranes occur in the interior 
of protoplasm. These lilms have in many' cases specific characters^ 
both physical and chemical^ thus favoring the diffusion of special kinds 
of material into and out of the protoplasm and from one part of the 
protoplasm to another^ It is the changes produce^! under these 
physical CDuditionfi, associated with those caused by active cheniical 
agents formed within protopJoam and kQpwn m that effect 

as^iilation and disosslmiktion. Quite suailar changes can bo pr«>- 
ducod outsido the body (m tiiro) hy the employment of mothmis of 
a purely physical and chotnical nature. 11 is true that we arc not yet 
familiar with all the in ter mod into stages of transformation of the 
materiuLi which are taken in by a livbig boily into tho maU'rials which 
ore given out from it^ But einbo the initml j^roceeacs and the final 
roaultfl are the samo as they would be on the osaumptiotL that the 
chongra arc brought about in conformity with the known laws of 
chemistry and physicsp we may fxdrly conclude that all change m 
hving aubstanco are brought about by ordinary chemical aad phy'sicol 
forces. 
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filMTLABmr OF ^C>G£B3£B OF OHOWTII ANP ILEFROPTrcrnOK IX IJVIX€ 
AXD XONUFINO MATTFtt. 

Should it l>c contepdfj that growth and re^proiluction aro prt’ipc^r- 
tiefi posec&sfi^d only by living bodies and conetitute a tost by which wo 
may diffor^ntlato between life and nonlife, bo tween the animate and 
iiianirnato creation^ it must be repHod that no contention can be miyte 
fallado^ia. Inorganic crystals grew juid multiply and reptndneo their 
like^ given a supply of Uie roquisito pabuJum^ In must cases for each 
kind of crystal there is, as with living oiganiarm, a limit of growth 
which m not exceeded p and further increase of the crystalline matter 
results not In furlher increase in sir^ but in multiplieatiuii of similar 
crystals- Leduc has Hbown that the grfrwth and dhiidon of artilkml 
coiloids of an inorganic naturoj when placed In an appropriate 
medium^ present aingular rcssemblancee to the phenomena of the 
gn^wih find division of living organisms. Even so complex a proce^ 
as the division of a cell nucleus by karyokinesis as a preliminary to 
the multiplication f>t the cell by division—^a phenomenon which woijd 
pritna facie have seemed and has been cominonly regartled a» a dis¬ 
tinctive manifestation of the life of the call—can ha imitated with 
Bolutions of a simple inoiganic salt^ such as chloride gf enrliutnj con* 
taining a suspension of carbon partadcB; which omoigo and rearrange 
thcm&elvcs under the influence of the movements of the olectroly^ 
in a manner indistinguishable from txlmt adopted by the particlea 
chf chrcmiAtin m a clivicling nucleus. And in the process of sexual 
reproduction, the research® of J. Loeb and othcHi upon the ova of 
the sea urchin have proved that we cAn no longer consider such an 
appiireutly vital phenomenon as the fertilization of the egg as being 
the Tiwult of living material brou^t to it by the apermato^tMjn, since 
it ia possible to start the process of division of the ovum and the 
r®lilting formation of cdls^^ and ultimately of nil the ti&^ues and 
organs—in shorty to bring about the development of the whole 
body—if a i^lmple chemical reagent m substituted for the male 
element in the prcfcess of fertilization. Indeed, even a mechanical 
or dectrical stimulus may auflfice to atart development. “Kurz und 
gut,” as the Gcrmaiui say, vitalism as a working hypothesis has not 
only had its foundations undemiined^ hut most of the superstnieture 
has toppled over, and if any difficulties of explanation still persistp 
we am jiiHtiiicd in assuming that the cause is to be found in our im- 
]ierfcct Icnowledgc of the constitution and working of living mateml- 
At the best, vitdism explains nothing, and tho term vital !orco*^ is 
an expression of ignorance which can bring us no further along the 
l^ath of knowledge. Nor is the problem in any way advanc^ by 
substituting for the term vitalism^' '^noovitalism,” and for “vital 
force ” “biotic eneigy.” ^ “New pressbyter is but old priest writ large."' 

■ a. JkCoortp In. Rffiiail Ad^vaHt in FIflK MdOrt aad BW, Jtld-l uid Fortlw AdTiim fa 
m stoactln^tHpvUfftiKaalAfltriJiifBriiulJaiaQjcsfflT Wttr 
^ tfd quiKtioa ef vlialisD al■J'{BeT1ifrSelBlUiSI^?0iv ITAnj TlHmpvn (lOdiH? to SictioD 

n at P4iriimK!M^ lui). 



500 ANNIFAL EEPtJJlT SWlTHaO'lAJ? iNSTITXmONp 1015. 

roSSlBILJTV OF TttE flTNTnESlB OF UVINQ MAlTEH. 

Further^ in its ctcmical composition wc an? no longer 
to {!0ii£ider living ntib^tanee as poEsasaing iiiUnit'O cwniplcxitas was 
thought to be the caae whsn chemists firat began to brejik up the 
proteiiijj of the body into their simplor constituents^ The resoarches 
of llieschorp which Imvo been continued and eiabomtcd by Kosscl 
his pupilsp have acquainted m with the fact that a luxly so 
importatit for the nutritive and reproductive funetione of the cell as 
the nncleufi-—which may bo said indeed to represent the quintessence 
of cell life—possesses a chemical conatitutien of no very great com¬ 
plexity j BO that wc may even hope some day to see the material 
which composes it preparetl syntheticallj. And when wo consider 
that the nudoua is not only itself formed of living substance, but is 
capable of causing other living substance to be buiJt up—ispia faetp 
tile directing agent in nil the principal chemical changes which take 
place within the living cell—it muet bo admitted that we are a huig 
etep forward in our knowledge of the chemical baak of life. That it 
ia the form of nuclear matter rather than its chcmkal and molecular 
atructuro which is the important factor in nuclear activitv can nut 
bo supposed. The form of nuclei, as every micruscfjpist knows, 
varies mfimtclVi and there are numerous living organisms in which 
tlie nuclear matter is without form,, appearing simply as granules 
tlistrlbuted in the protoplasm. Not that tho furm assumed and the 
transformatiOGfl undeigone by the nucleus arc without importancej 
but it is none the less true that even in an amorphous condition the 
materia] which in the ordinary cell takes the form of a "nucleus''^ 
may, in simpler organisma which have not in the process of evolution 
become complete cella, fulfill functions in many respects similar to 
those fulfilled by the nucleus of the more difFercntiated cjiganlsmt 

A aimUar anticipation regarding the probability of eventual syri- 
thotic production may be made for the pretcinB of the cell substance. 
Considerable progress in this direction has indeed already been made 
by Emil Fischer, who has for numy yearn been engaged in the task of 
budding up the nitrogenous combmations which enttsr into the forma¬ 
tion of the complex molecule of protein. It is satisfactory tti know 
that the eignificance of the work both of Fischer and of Kossci hi 
this field of biological chemistry has been recognized by the award 
to each of thesse distinguished chemisiiH of a Nobel prize. 

TUB CHEMICAL COXSTTrOTlOy OP IJVIXO StTBSTANCEL* 

The elements oomposmg Uring mibstance aro few in number. 
Those which are constantly present are carbon, hydrogenp oxygen, 
and nitrogen. With these^ both in nuclear matter and also, but to a 
less degree, in the more diffuse living material ivhich wo know as 
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pFotoplaamj phv&piitinis is dwajs nssocmtecL "Olmo PhtJMqjhor kciu, 
att ttCcepU'tf aphoristn: “Ohne Phosphor kem Lebt-ir' 
is equally true. Moreover, a large proportion^ rarely less than 70 
per cent, of water appears essential for any mariifcitation of lifcp 
although not in all cases necef^aiy for its contiuuance^ i^ince organ - 
Ums aro known wliidr will bear the loss of the greater part if not the 
whole of the water they contain w'lthout permaiient ijn]mirnieat of 
their vitality* Tho presence of certain inorganic salts is no less 
cssentiaii chief amongst them being chloride of eodiumi and salts of 
caleiuiu, magni^siumj iKitnssium^ atid iron. The combination of 
these elomeiits into a colloidal compound represents tho chemical 
basis of life; and when tire chemist succeeds m building vjp this com- 
pounil it will witliout doubt be found to exhibit the phenomena 
wbifji we are in the habit of associating with the term ^ 

aOUnCE OF LIFII—TOE POS^iniLrrT of SPOSTAXEQUS OE^^EItATlON. 

The above cons j< 1 orations seem to point to the conclosinn that the 
posaihility of the production of Ufe^ L o,, of living materialj is not so 
remote os hits been generally assumoch Since the esperimants of 
Pasiourj few have ronturod to tJEnn a belief in the s|)untaneoiis gen¬ 
era tion of bacteria and monads and other microKPtgamsmSj although 
boforo hU lime this was by many bdievod to bo of imiversal occur¬ 
rence. Ifrcatooiuod friend Dr. Cliarlton Bosfian is, so far as 1 am 
awaro* t ho only scientific man of eminence ^cho still adheres to tho old 
craodj Bastian, in spito of nunieri^ua exp(irinionts am! (ho 

publication of many and papers^ has not hilliorto succeeded 

in winning over many convorta to Ids opinion. I am myself so entirely 
convuicorl of the accuracy of the resulta which Pasteur obtained—are 
they not within tho daily and hourly cxporionco ot eveiy'onc who 
dcids vd\h the stcrUiJsatinn of organic solutions?—that I do not host- 
teito to boUevOi if liTi'ing lorube or mycelia are cxlubttod to me in 
flasks ■which had been subjectcul to perdonged b<}ilmg after being 
harmotically sealed, thar there has been seme fallacy eiLher in tho 
premisos or in the carrying nut of the operation^ Tlie appearance 
of organlstiis in such flasks would not furnish to my proof tliat 
they wore the result of spimtanoous gonernuon. Assuming no fault 
in manipulation or fallacy in oliservatJon^ I should find h eimplor to 
believe that tho gorms of such organisms have resisted ihe elTocta of 
prolonged heat than that they became generated apontaneoudy* If 
spontaneous genotatJon is possiblop wq can not exprwt it to take the 
fonu of living beings which show so tnarkerl a degree of difTcrentiationj 
bo lb structural anti functional, ils tho organisms which aro described 

* Tint mott ranail; McounC of the nbitftibitij of prmjipbdin it |ii4t hj DoHiul (Pm CjtG^ainui ii. rfie 
In WlnEcnlvhi'i Hunitr -d. Ttnl FbyEldiiffie, ai IJIS, Tlw lltanlun b fiviua m fJiif 

irtJL'lo. 
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a£ making (heir appoflratiee in th<3sa experiment id JliisksJ Nor 
should wo expect the siJontaneous gfinerntion of living ^iubstttnce of 
any kind to occur in a fluid the orgnnic coustituonU of which have 
been so altorotl by heat that they can ret-ain no sort of chemical rosom- 
blsnce to the organic cooslitufflils of living mat tor. If the foriiiatinn 
of life, of living enbetance, is possible at the present day—and for 
my own part I aeo no reason to doubt it—a bodod infusion of organic 
matter, and still less of inurganic matter, ts tho last place in wliich 
to look for it. Our mistrust of such ovidenco as has yot boon brought 
forward need not, however, proelinio ns frnra admitting iiio possibility 
of tho formation of liviiig from nonliving substance.* 

LIKE A PRODUCT OK KVftLUTIClN, 

Setting aside, as dey<ii<l of adontiiic foundation, the idea of immo- 
dinte supernatural intervendon in tho first production of life, we a no 
not only justified in believing, hut compoUati to believo, that Jiving 
matter must have owed its origin to causes similar in character to 
those which have been inslnj mental in producing all other forma uf 
matter in tho universe; in other words, to a process of gradual evolu¬ 
tion.* But it has been customary of late smongst biologists to shelve 
the investigation of tho mode of origin of life b}' evolution from nonliv¬ 
ing by relegating its solution to some former condition of the 

earth’s history, when, it is assumed, opportunities were accidentally 
favorable for the passage of inanimate matter into animate; such 
opportuniti<«, it ia also assumed, having never since recurred and 
being never likely to recur,^ 

I It 1ft Ur hilt llui Dr. DhUozi lltot Ub4 fionQftilMi hJ ultra Uviuji [artidH 

itifty prD«dD iht of tlw m^woiKkr offuiDiift TbbJt tw diocrfboL^TlM Drljla of LL^ 

p, n, 
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Imtnbl to tlB Iftbortoryp ll wfU bt bf « ol ilapt* tba iiarfkr boEAf torTcmtkiai bl nult mb- 
wlmm at arw imkninni whEt^ m ^UiplflHiL. Sueb IntsmedEftl# fttBcv mmf luTt 
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■dri ymi to Lbdi tolBorf uto mry nuPtbii Aitrideij I ihtolc ft #wn«l bo tlwtietobt 

of fTMItotitlftii tut oaf Bun tosaj tiut thtooDdUion oodor wMdi maUer —iim a lUa |tvirp$rtji^ rdl 
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■ ThOftntonittltttoiftVOf'oftlLJji Finpofl£tlfHihBTiben«ri^ffft1lf to Wi tlBrtwrt Spmirl^drt, 

igiO^p^ li-^ Mllitoto toliw wboDKT nidfi rrdatkni btf oeeimw] gulf to jwl ymt^ 

orillil»(ftktocitocvi»W. iltOQdtiitoOfttltotwlxnKgmiiawbDawiikpoiUHUIutvoiurTlvMbfr^ 
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Vflriails ©luiRetit iwiflotilic mon Ituva even !r[ipp3se<5 that life bos not 
actuAUy on^nutofl upon our gjoboj but- has been brought to it frr.>tii 
finothor planet or from anothor atellAr sj'stetii. Some of my midience 
may still mmoinbor tJie cantmversy that wah excited when the thooiy 

iho origin of tornsstrial life by iho intermediation of a uuilcorito 
was propoumloti by Sir William Thomson in bis pitssidenllai address 
ai. the meeting of this association in Edinbuigb in 1871. To tliis 
“tiioteorit*“ theory*' the apparanlly fatal nbjeclion wj« raised that, it 
would take some 60,000,OOD years for a meteorite to travel from (be 
iicar«8t stollnr to our earth, and it is iaconccivuble ihst nny 

kind of life coukl bo maintained during such n period. Even from 
the nearest plunet ISO years would be necessary, and the heating of 
iho meteorite in poashig through our atmosphere and at its impact 
with the earth would, in all probsbility, destroy any life which might 
hare existed within il. A cogna to thooiy, t ha t of eosmfe jHinspcrmia, 
asaumw that life may exist and may have existed indefimlely in 
cosmic dust ill the interstellar spaces (lUohter, 1865; CJohn, 18721, 
and may with this dust fall slowly to the earth without unilergtdng 
tile heating which is experienced by a meteorite. Arrhenius,* wlio 
adopts this theory, etatai that if living germs were carried through the 
ether by luminous and other radiations, the time aecesstuy for their 
transjMrtntion from our globe to- the noaroet stellar ^istem would bo 
only 0,000 years, and to Mars only 20 days! 

But the accept Biice of such theories of the arrival of life on the earth 
does not bring u» any nearer to a conception of its actual mode of 
origin; on the controiy, it merely serves to banish the investigation 
of the question to some cotiveniontly inaccesaible comer of the uni¬ 
verse and leaves us in tha unsatisfactory position of affirming not 
only that we have no knowledge as to the moile of origin of life— 
wliich is unfortunately true—but that we never con acquire such 
knowledge—which it is to be hoped la not true.* Knowing what wo 
know, and believing what we believe, as to the part played by evo¬ 
lution in the clovdopmont of terrestrial matter, we are, I think (with¬ 
out denying the possibility of the existence ot life in otlier parts of 
the univerec*), justified in regarding these cosmic theories ns inher¬ 
ently improbable—^at least in comparison vith the solution of the 
problem wbieh the ovolutionary hjqiothesw offora.' 

» rifrt U* Diilii, tv "fa S«D«.<luri)(t {UiHre. , p. ESV TIib itMrr imoIwS 

^ Mpiiqfft tvi 

^ Wnriris |ia tnml. l 3 V It. Hon, Chip-. VTIE^plSI. 

IlbusTj'arjcieniTt^tunn^v duW»uA H li ta bnaih ukf« fifoWam— 
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■IM imnch lMt u wi nintMvtnd if, eml4 mii-pccBlMr «lst iSm, 

Am Vtmarn jktliiLT nit, API^F to th" ®rtcin wkretJifr COmW- 

aattoi, whiiitW whJeh ta nUt urtlh « w ig^i^ »thai thay |fl*d dimrUj W iheoftl 

«Eidaskui 4 ,^AIlGW 3 i£ii}« rjjj 3 iiU>gliv IBIU 




504 ANNUAL HZPOBT SMITHlSOillAN IJfSTlXUTIO?:.. IWIS. 

thk etolutionart jrrKmiEiSTS as applied to tub ojugin of uee. 

I aasume that the majority of my auditmco have at lesat a general 
irka of llie scope of tliis hypotheaia, the general acceptance of which 
haa within the last 60 years altered the whole aspoi't not only of 
hiology, hut of cTory other brunch of naturiJ acienecj including 
ostFODomy, geology, physics, and chemistry.* To thcHo who have 
not this knowledge I would recommend the perusal of u little hook 
by Prt>f. Judd, entitled "The Coming of Evolution,” wliich hiia 
rwrently appeared as one of the Cambridge manuals. I know of no 
aimiiar hook in which the subject is as clearly and snccinctly treutish 
Although the author nowhoro cspresses the opinion that the actual 
origin of life on the eartli has arisen by evolution from nonlh-ing 
matter, it k impossible to read either this or any aimilnr exposition in 
which the essential unity of the evolutionary process is insLstwl upon 
ndlhout concluding that tlie origin of life must have been duo to 
the same process, this process being, without exception, continuous, 
and admitting of no gap at any part of its couisc. Looking there¬ 
fore at the evolution of living matter by the light which is shetl 
upon it from the study of the ovolution of matter in general, we 
are led to regard it as having boon produced, not by a sudden iJter- 
ation, whether exertc*! by natural or aupematural agency, but by 
a gradual process of change from material which was lifeless, through 
material on the borderland between inanimate and animate, to ma¬ 
terial which has all the chametorUtica to wliioh we attach the term 
"life.” So far from expecting a sudrleo leap from on inoigamc, or 
at least an unorgnnizctl, into an organic and organiBCH:! condition, 
from an entirely inanimate substance to a completely animate state 
of being, should wo not rather expect a gradual proiression of chati^ 
from inorganic to organic matter, through atages of gradually in¬ 
creasing complexity until material wluch can be termoil living is 
attained T And in place of looking for the product ion ol fully formecl 
livitig organisms in heremeticaliy sealed flasks, should we not rather 
BOorek Nature herself, under natural conditions, lor pvidonco of the 
existence, either in the post or in the present, of transitional forms 
between living and nonliving matter? 

The dilRcuity, nay the impossibility, of obtaining ovirlonco of 
such evolution from tlio post liistory of tho globe is obvious. Both 
the hypothotkol transitional material and the living matOfial which 

Bpeowii''Wfl art ftw praporad foF ai'diutkiQ In erary daiamicL * * aj tn ttw rart tpl 

ii«l baea nMrrtng Iti thU ilU-erikn fitf imny rtera. ■ • • Iaisui^ UHl Diiffgp 
m^xsanH^ ft nwfibttfiJam ol aqiKiki dir^ekijtfttenlp Kaftt ftsd Lftpbm m principlfl ol EBlcitM 
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was DiiginBlly evolviKl from it nmy* * m Miiralluin baa auggestftd, 
hav© tiikan the form of iiiffoHetl ulira-mirroseopjc particles of living 
aqbetaiici^^^ and even il they were not diffused but iiggiegatei! into 
iiiuascti^ iho^ mBsses could bavo been physically nothing more than 
colloidal watery slime which would loave no impre^ upon any geo¬ 
logical formation, llyriads of years may have ehiii^ted before some 
dort of skeleton in the shajm of calcareous or siliceous spicules began 
to evolve itself;p and thus etiabled w'hich must already have 

possessed a prolonged exiatence^ to make any sort of gecsiogieal rocordn, 
It follows that in attempting to pursue the evoluUon of living inatti^r 
to its h^inning in tenestriid Ivbtory we can only expect to bo cun- 
fronted with a blank wall of nescieneCH 

The problem woul^l appear to be hopeless of ultimate solution, 
if w^o are rigidly confhicd to the suppoBition that the evolution of life 
has only occurred once in the jiost history of the globe. But mo w e 
justifieii m assnrmng tliat at one period onlyf and oa it were by a 
fortunate and fortuitous coneomitation of sub^tiinco and eircum- 
stauce^ living malt or became cvolVed out <pf nonliving matter—life 
became eslablisheii ? Is there any valid reason to conclude Uiat at 
some previous period of its history our earth wm more favorably 
cmuimstanced for tlio production of life than it is now'1 have 
viilrdy sough t tor such reason^ and if none be forthcoming the con« 
elusion forces itself upon us tJiat the evolution of nenllWDg into 
living substance has happened more than, ouce—^and wo can bo by 
no meims sure that it may not be happeniug still. 

It is true that up to the present there is uo evidence of such hap 
pening; no prew'esa of transition has hiiliertD been observed. But 
on the other Iwtuh it not ei^ually true that the kind of evidence 
ivhich would W of any real value in detennimiig this question has 
not hitherto bmi looked for? Wo nmy bo certain that if life is being 
produced from nonliving sut^tance it w'ill be life of a far simpler 
character than any that has yet been obaerved—in material which 
we sltall be uncertain whether to call animate or monimate, even if 
we are able to detoct it at aH, and which we may not be able to 
visualizii physically even after we have become convinced of its 
existence,* But we con look with the mind's eye and follow in 
imagination thp fcnmaformation which noubviug mutter may have 

i Thm 3liU tEbt [Ji iu^ bmu of 111^ whkb Ut* nal iu < E. A. MllwtLti, 
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ttnilergoDc and m&y still be imdri^oing to produce Uvmg subatanct*, 
No principle of eTolution is better founded than thiit maistcd upon 
by Sir tbaries LyoU, justly termiKi by Huxley' ' the greatest geologist 
of Ids time," that we must interpret tho past Inatory of our globe by 
tin? present; that wo must seok for an oxplnuiitioii of wbid Im bap- 
I>ened by lUe study of what is hap^oing; that, given smiibr cirtuni' 
st&nros, wlwt baa wourred at ouo time will probably occur at another. 
The procesd of evolution is universal. The inorganic materials of the 
globe are contmujiUy undergoing transition. New chemical com¬ 
binations an* constantly being formed and old ones broken up; new 
elements are making their appearance and okl elements disappearing.’ 
Well may we ask ourselves why the production of living matter alone 
should be subject to other laws than ihiMe wluch have produced, and 
an< producing the various forms of nonliving matter ; why what haa 
happened may not happen. If living matter has been evolved from 
hfelcss in the past, we are justified in iw cepling the conclusion that 
its evolution is possible in tho present and in the future. Indeed, wp 
are not oiily justified in accepting this concluBion, we are forccil to 
accept it. When or where such change front nonliving to living 
matter may first have occurred, when or where it may have con¬ 
tinued, when or where it may still be occurring, arc problems as 
difficult m they ate interesting, but we have no right to assume that 
they are insoluble. 

Since livins matter always contains water os its most abundaiit 
constituent, imil since the firet living organisms recogniasblo as sucli in 
the geologicfll series were aquatic, it has generally been assumed that 
life must first liave made its appearance in the depllia of the ocean.’ 
la it, however, certain that the assumption that life originateil in the 
sea is correct? Is not the litnd aurface of our globe quite os likely to 
have been tbe nidus for the evolutionary transformation of nonliving 
into living material as the waters which surround it? Within this 
soil almost any chemical transforwiation may occur; it is subjected 
much more than mattcra disaolvcd in sea water to those fluct^tions 
of moisture, temperature, electricity, and luminosity which are 
potent in producing chemical changes. But whether life, in the form 
of a simple slimy colloid, originated in the depths of the sea or on the 
surface of the land, it would be equally imp<wsible for the geologist 
to trace itsbcginnuigB, and were It still becoming evolved in die same 
situstinns, it w'oiild be almost as impossible for the microscopist to 
to follow its evolution. Wc aro therefore not likely to obtain direct 
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fiviilence reg&nliiig such a transjfonriBtion of ncnJiving into living 
matter m nature, even if H is occurring under our eyes. 

An obvious objection to the idea that tile pmduction of i^ving 
matter from nonliving has happened moro than once is that, had this 
been the cane, the geological record jshould reveal more than one 
puleontolo^cal aeries. This objection assumes that evolutbn would 
in every case take an exactly similar course and proceed to the same 
goal—an Bssumption which is, to say the least, improbable. If, as 
TnigBf well be the case, in any other paleontological series than the 
one with which we are acciuainted, the procrea of evolution of living 
beings did not proceeil beyond Protista, there would ha no obvious 
geological evidence regarding it; such eTidcuce would only bo dis¬ 
coverable by a carefully dircc^ted search made with that partieuiar 
ohji'ot iu viow.‘ t would not by any moans mlnimizo the difTieulties 
which attend the suggestion that the evohition of life may have 
occurred more than once or may still be happening, but, on the other 
bitml, it must not be ignored that those which attend the assumption 
that the prwluction of life hits occurred once only, are equally serious. 
Indeed, had the idea of the iwssibility of a' multiple evolution of 
living substance beeu first in tlio Geld, I doubt if the prevalent 
belief regarding a single fortuitous production of life upon the globe 
w'outd httve b^ome established among biolugbils—so much ore we 
liable to bo influenced by the impreastons we receive in scientific 

childlt<KMl. 

fththeb coimsB of evolijtiok op mfe. 

Assuming the evolution of living matter to have occurred—whether 
oQco onJv tjr more frequently matters not for the moment—and in the 
form suggested, viz, as a moss of colloidal slime possessing the property 
of ossimtlation and therefore of growth, reproduction w'ould follow os 
a mutter of course, for all material of this physLcid nature—fluid or 
Bemifluid in character—has a tendency to undergo subdivision when 
its bulk exccfHls a certain stee. The subdivision may bo into equal 
or nearly equal parts, or it may take the form of buds. In either case 
eve^ separated part would resemble the parent in chemical and 
physical properties, and would equally possess the property of taking 
in and assimilating suitable niatorUd from its liquid environment, 
growing in bidk, and reproducing its like by subiUviaion. Omne 
viuuru e i*iwo. In this ivay from any beginning of living material a 

< 1 joilcEMar (Art- “PnMMi,'* Eorrd. SSt-, tmUteiilUWIemMTVtlul tiH Ont pt«( 4 ;iIuiD M oa tb 
In la own tr^kio. I', i. AS 3 i« (SrU- Am. Ocponi, nmia (a Oia oundiakiD 
thf ,\ iiitmiKu iha biti t« w^at m*lf «Tf owu^ 

la tlK ftUtwIWK^ Mnc fexbunf 11 * iMUnvii Lbat '‘Ln 

lot tb* Onl wlfi«i m tlLb itii Dili naoMiy tbat, u I'PHnerunimsd^ Lts* pl:alir| MbMilil hat* 

At A knoBf « clAwlnc UrtbtsUL" Ha "pnM U» ihitt tlw dFcnautasxm 

liT# *l*a latw i t* A4i4 tiifvln: » Lili b nut w piiwsPKfwtJ, twi lui 

luporuilou Irwa miam oLbfir hilt tlw wiAiiai QVUmom alKniaitucw <ra thb buth.'* 
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primitiTG form of life would spreudt fluJ would gradually people tlie 
globe. The eatablkbmeiit of life being once effected, nil fonns of 
oj^ganizatioQ follow undot' the inovitable lawa of ovolution. n*€M 
ffie Ztf premier pas qui eoUteJ 

We can trace in imagination the segregation of a more Iiigldy 
pbospliori^od portion of the primitive liTing matter, which wo may 
now conaider to havo become more akin to the protoplfism of oigtm- 
r^mo Mnlh which we are fanuluir. Tlik more phoephorized [Kirtion 
might not for mvriada of gencralioiis take the form of a (Infinite 
nudeus, but it would l*e comiioeed of material having a composition 
and qualities similar to thotso of the nucleus of a cedL Prominent 
among these qualitiaa is that of cidalysb—the function of effecting 
profound chemical changes in other material in contact i^nth it 
without itself undergoing permanent change. Thi^j catalytic function 
ms3" have l>eeu exercised directly by the living substance or may have 
bi^cn carried on through the agency of the enzymes already meutione^l, 
which are also of a colloid naturo but of simpler eonsiitution than 
itself, and which differ from tho catalytic agents employed by tho 
chemist in the fact that they produce their effects at a rtdativoly 
low temperature. In the coum of evolution special enzymes would 
become developed for adaptation to special conditions of life^ and vchh 
the appearanro of these and other modifications a process of iliffeis 
entiatlon of primitive living matter into Individ uak witli definite 
specific characters gradually became established. We can conceive 
of the produeLion in llik way from originally undifferentiated living 
substance of simple ilifferentiated organisms compaimbto to the 
low'est forms of Protista* But how^ long It may have taken to sirrive 
at tliia stage we liavo no means of ascertaimng. To judge from the 
evidence afforded by the evolution of higher organisma it would 
seem that a vost jieriod of time would be ncceseary for even tliis 
amoiinl of oii^anization to establish itself. 

rOitMATIOS OF TiiE NUCLEATED CELL* 

Tlio next important phase in the process of evolution would be the 
ficgregation and molding of the diffused or irregularly aggregatwi 
nudear matter into a defimto nucleus around which oil the chemical 
aclivity of the oigmmm will in futuM be centered* Wliether tlds 
change were due to a alow and gradual process of segregation or of 
the nature of a jump, such as nature docs occasionally make, the 
result would be the advancement of the living organbm to the con¬ 
dition of a complete nucleatcil cell; a matcrid advance not onlj in 
organization but—still moro import an t^in potentiality for future 
dovdupment. Life is now embodied in the cell, and overy living being 
evolved from thi^ will itaelf bo cither a cell or a c^ aggregate. 
Oiunii ceffuZa ^ crjfuid. 
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establishment of sexcal differences. 

After the appeoranee of a nucleus—but Jiow long after it Is im¬ 
possible to conjecture—^anotbor plienDmciion apiwariNl upon the 
scene in the occasional oxchange of nuclear subslapce between celts. 
I u this manner became eatabUsbed the process of sexual reproduction. 
Such exchange in the unicellular organism might and may occur be¬ 
tween any two ceUs forming the species, but in the muUicellular 
organism it became—like other functions—apocialized in particular 
cdU. The result of the exebango is rejuyenesconce; associated with 
an incroasod tendency to subilivide and to prwluce new mdiriduaU. 
TIiLh is due to the introduction of a stimulating or catalytic chemical 
agent into the cell whUh is to bo rejoveuatod, as is provod by the ex¬ 
periments of Loeb already alluded to. It is true that the chemical 
material introduced into the germ cell in the ordinary process of its 
fertilization by the sperm cell is usually accompanied by the intre^ 
duction of definite morphologioid elements which blend with othem 
already contained within tho germ cell, and »t is believed that the 
transmission of such morphological eloments of the parental nuclei is 
related to the transmission of parciital qualities. But wo must not be 
blind to tho possiliility that those transmitted qualities may be con¬ 
nected with specific chomical characters of the transmitted elements; 
in other icords, that hcreiUty also is one of the questions the eventual 
solution of which wo must look to the chemist to provide. 

AOOREGATE LIFE. 

tSo far we have been chiefly considering life as U ia found in the 
simplest forms of living subetAnce, organUms for the most part entirely 
microscopic and neither <lislinctivdy animal nor vegetable, which 
have sometimes been grouped together as a separate kingdom of 
animated nature—^that of Protista. But persons unfamUiar ivith the 
microecope aio not in tho habit of associating tho term "'life’’ witli 
microscopic orgmu^ms, whether these lake the form of cells or of 
mimite [lortions of living euhstanco winch have not yet attained to 
that dignity. Wo moat of us speak and think of life os it occurs in 
ourselves and other animals with which we are familiiir; and as we 
find it in the plants around us. Wo recogtdze it in tlieso by the 
possession of certain properties—movcmonti nutrition, growth, and 
reproduction. We are not aware by intuition, nor can wo escertaia 
without the employment of tho niicroscoi>e, that wo and all tho 
liigher living beings, w'hcthcr Aniimd or v^tablo, are entirely formed 
of aggregates of tiucloatod ceils, en-h mitroscoptc and each possessing 
its ow'ii life. Nor could w'o suspect by intuition that what wo term 
our life k not a single indivisiUo property, capable of being blown 
Out witli a puff liko the flame of a candle; but is the aggregate of the 
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lives of lOaiiy millioiis of living celli* of which the body is composod. 
It is but a short while that this cell constitution was discovoretl: 
it occutTOtl within the lifotime, oven within the memory^ of some wlio 
are still vsith us. What a marvelous distance wo have traveled 
since then in tho path of knowledge of livhig organisEnal Tlio 9triilc?s 
which wero made in the advance of the mechanical sciences during 
the nineteenth century, wliich are genemlly consi<lered to mark tlmi 
tseniury as an age of nnoxampled progress, aro aa notliing hi com¬ 
parison with those made in the domain of biology, and their interest 
is entirely dwarfed by that which is aroused fay the facts relating to 
the jihenouiona of life ivldch have accumulated urithin the same period* 
Aiul not the loaat romarkable of these fuels ia the discovery of I he 
coll Hirueture of plants and animals, 

Evotirriox or tue cej-l aoqreuave. 

Ivct ua consider how cell aggregates came lo be evolved from oigan- 
kms conskting of single cdk. Two methods ate possible, vlzt Cl) 
The adhesion of a number of originally sc para to bdivicluftkj (2) the 
subdivision of a single indiviilual without the producta of its sub¬ 
division breuking looso from ono another^ No doubt this last is the 
manner whereby the cell aggregate was originallj formed, since it b 
that bv which it is still pioiluced, and we know that the He history 
of tiie bdividual is an epitome of that of the species. Such aggre¬ 
gates were in the beginning solid; the cells in contact with one another 
and even in continuity; sub^^uently a space or cavity became farmed 
in the interior of the ma$s^ which was thus converted into a hollow 
sphere. All the cells of the aggregate were at first perfectly similar 
in slructuro and in function; there was no subdivision of labor. jVli 
would take part m effectiDg locomotion; all would receive slimuH 
from outside; all w'ould take in and digest nutrient matter, which 
ivouUl then he passed into the cavity of the sphere to sen'O as a 
oonimon store of nourishmont. Such organisms are stiU found, and 
constitutis the lowest types of ifetazoa. I-atcr one part of tiie hollow 
sphere became dimpW to form a cu]>; the cavitjr of the sphere 
became correspndingly altered m shape. With ihk change in struc¬ 
ture differcutiaLion of function between the celb covering the outside 
and those lining the inaide of the cup made its appearance. Those 
on the outside subserved locomotor funettons and received and trans- 
udttcd from cell to cell atimuUt physical or cheinkol, received by the 
organism; while those on the inside, being freed from such fuiieiionap 
tendixl to specialist!' in ihe direction of the inceptioii and digestion of 
nutrient material, which, passing from them into the cavity of the 
iJiViagLnatcd aphere, served for the nourish meut of aU the eelk com¬ 
posing the orgsnisuu The further course of evolution produced many 
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cbuiiigcji Lsf fonii iiDd ever-incroasmg complexity of tlio cavity thus 
produced by ahujile invagiuiition. Some of the cell (rggregatca set tied 
down to A sedfiDtaiy lifC;, becoming pUniUke in appearance and to 
some extent in habits Such oi^^iains^ coniplnx in form but aimjtie 
in atnicturCip are Uic $ponge&. Their seYera] parts am not^ as in the 
higlier I^fetszoa;, clo^ly interdependent; ibe destruction of any one 
part^ however extensuA’ej does not either imniediately or ultimately 
involve death of tlio rest; all parts function ee^mratelyi although 
doubtless mutually benefiting by their conjunction^ if only by slow 
diffusion of nutrient fluid througliout the mass. There is already 
some difierentiation in theae organkmSj hut the absence of a ner\^oue 
system preventa any general coordlnaticn, and the individual colls are 
Wgely indejicndent of one anoTlier. 

Our own lifei Uka that of all the higher animator ta an Jiff; 

the life of dm whole is the life of the iudividual cells. The life of 
some of these cells can bo put an end to; the rest may continue to 
live. This isp in fact^ happening every moment, of our lives. The 
celk which cover the surface of our body, which form the acarf ekm 
and the hair and nailSp are constantly dying and the dead cells are 
rubbed off or cut away, their place being taken by others aupplied 
from li’fcing la vers beneath. But the death of th(^ cells dora not 
affect the vitality of the body as a whole. They serve merely a.=i a 
protection or an omemental coverings but are otherwise not material 
to our nxjstcticc. On the otlier Iiantip if a few cells, such as those 
nerve cells under the influaaco of which respiration b carried on, ore 
destroyed or injured^ within a mmute or two the whole living machine 
cornea to a standstill^ so that to the bystander the patLent is dead; 
evGo the doctor Will pronounce life to l>e extinct. But this pro¬ 
nouncement b correct only in u speci:al sense. What has happened 
b that, owning to tho cessation of respixatiou, the supply of oxygt^a 
to the tbauc^ is cut off. And since the manifesLalions of life ceaije 
without thb aupjdyj the ammal or patient appears to be dead. If, 
however, within a short period we supply the needed oxygen to the 
tissues requiring itp all the manifeatations of Ufa reapjiear. 

It b only some cells which Itkga their vitality at the moment of 
so^alled general death.'^ llauy cells of the body retain iJieir indi¬ 
vidual life under auitable circumstances long after the rest of tlie body 
is dead. Notable annong these are muscle cells. McWillianis showed 
that the muscle cclb of the blood vesseb give indications of life sev¬ 
eral days after an animal has been killed. The muscle cells of the 
heart in mammfda have been revived and caused to beat regularly 
and strongly many hoars after apparent death- Tn man tids result 
has been obtained as riuntny as IS hours after life has been pronounced 
extinct (KuliabkiO; in onimab after days have elapsed. Waller boa 
bhowii that indicatioTLs of life cem be elicited from various Ibaucs many 
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hour^ Mkil i^verv day^ after gent^ral death. Sherrin^on obserred the 
white corpuscles of the blood to bo active when kept iu a suitable 
notrient fluid weeks after rcBioval from the blood vessels. A French 
histologist, Jolly, has found that the white corpuscles of the fn>g, if 
kept in a cool place and under suitable conditions, show at the eud of 
a year all the ordinary manifestations of life, Carrcll and Buirowa 
have obser^^ad activity and growth to continue for long periods in the 
isolate^l celU of a number of tis^um and oigans kept under observation 
in a suitable medium. Carrel] haa Huceceded in substituting entire 
organs oblaiued after death from one animal for those of another of 
the s^ame species, and has thereby opened up a field of ourgical treatr 
meut tlie UntiU of which can not yet he descried- It is a wtJl- 
established fact that any part of the body can bo maintained alivo 
for houra isolated from the rcat if [jerfused with serum (Kronoeker, 
frog heart), or with ao oxygenated solution of salts in certain pno- 
portlons (Kinger)^ Such revival and prolongation of ihe life of sep¬ 
arated organs is an ordinary procedure in laixiratorics of phyrsiology. 
Like all the other instances enunioratcd, it is based on the fact that 
the incliAuduftl celb of an organ have a life of their own wdiich is 
largC'Iy IndepcndeDti so that they will coDtlnup in suitable circuni- 
glances to live^ although the rest of the body to which they belonged 
may be dead. 

But some cells, and the organa which ore formed of them, are more 
nGC(?3sarj'^ to maintain the life of tho aggregate than others, on accounL 
of the nature of the functionH ■which have become speeia1i/.ed in them. 
Tills is the Case ’with the nerve cells of the respiratory center, since 
they preside over the movements which are necessary' to effect oxy- 
gentiilon of the blood. It is also true for tlie cells which compoee the 
heart, since this serves to pump Oixygcnated blood to all other celb 
of the body; without such blood most cells soon cease to live* Hence 
wc examine res [lira tioii and heart to detennine if life is present; 
when one or both of these are at a standstill we know that life can not 
be maintained. These are not the only organa necessary for the 
maintenance of life, but the loss of othm can be homo longer, since 
the functions which they suhservo, although useful or even essential 
to the organism, can be dkpeiiaeil with for a time. The life of some 
cells is theTcfore more, of otliera less, necessary for maintaining the 
life of the rest* On the other band, the cells composing certain organa 
have in the course of evolution censafl to be necessary, and their con* 
tinued existence may even he harmful. Wiodetsheim has enumer- 
atcil more Qian a liundred of these organa in the human body. Doubt¬ 
less nature is doing her beat to got rid of them for us, and our d0S4:^nd- 
onta will some day have ceased to possess a ■vermiform appendix or a 
pharyngeal tonsil; until that epoch arrives we must rely for their 
removal ou the more rapid methods of suigery. 
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MAisT ^ ASC ^ or tirr of cell acgeegate is mo her ani maThS. 

We hnvo that in tli^ multicellular oi^faDisniSj where 

ono cell of the aggtr^gAte diUers but little from Auatbor* tho condi- 
tiona for the maintommoo of tho life of the whole are nearly ii^i^itnpio 
as those for mdlYidual colls. But the life of a cell aggregate such as 
composes the bodies of the higher animals is main tamed not fmly by 
the conditions for tho maintenance of tho Ufo of the indiTidud cell 
being kept faTorahlc, but flJLscj by the coordination of tho varied 
activities of tho celk which form the aggregate. Wlioreas in the 
lowest Metazoa all celk of the aggregate are alike in atructure and 
function atid perform and share eveiything m common^ in higher 
animab (and for that matter in the higher plants also) the cclk have 
become apecialized.r and each ia only adapts for the performaace of 
a particular function. Thus the celts of the gastric glands arc only 
adapted for the ^cretion of gastric juicCt the ceils of the viUi for the 
absorption of digested matters from the intestine^ the cells of the 
kidney for the removal of waste products and superfluous water from 
the blood j thofSC of the heart for pumping blood through the vessels. 
Each of these cells has its mdividual hfe and performs its indiviciuLLt 
functions. But unless there wore some sort of coo|Minition and sub¬ 
ordination to tho needs of the body generallj^ there would be some¬ 
times too little, sometiines too mnoh^ gastric juice secreted; some* 
times too tardy^ sometimes too rapid, an absorjHion from the intestine; 
sometimes too little, sometimes too much, blood pumped into the 
artorieSp and so on. As the result of such lack of cooperation the 
life of the whole would cease to be normal and would evcatually 
cease to he maintained. 

We bavo already seen what are the conditions which are favorable 
for the maintenance of life of the individual ceU^ no matter where 
fiiiuaicd. The principal conditiori is that it must he bathed by a 
nutrient fluid of suitable and constant composition, Li higher ani¬ 
mals this fltdd is the lymph, which bathes the tissue elements and is 
itself constantly supplie<l with fresh nutriment and oxygen by the 
blwd. Some tissue cells are directly bathed by blond; and in inver¬ 
tebrates, in which there hi no special system of lymph vesseb, all tho 
tissues arc thus nourished, Ail cells both take from and give to the 
bloodj but not the same materials or to an equal extent. Some, 
ench aa tho absorbing cells of the villi^ almost exclusively give; 
others, such as the cells of the renal tubules, almost exclusively take. 
Nevertheless, the resultant of all the give and take throughout the 
body serves to maintain the composition of the blood constant under 
all circumstances. In t\m way the fimt condition of the maintenance 
of the life of the aggregate ia fulfilled by insuring that the life of the 
individual cells composing it is kept normal. 
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Thi^ s^coml e&senbial condition f«r the maintenance of lifo of the 
cell aggregate Is the coortlination of Its ports and the due regiiliition 
□f their activity, so that they may work together for the beneXIt of 
the whole. In the rnilnm! iKHiy this is effected in two wa 3 "s: Firsts 
through the nen^otia sj^teni; and, secondi by the action of speciGo 
chemieal euh??tivnce5 which are formed in certain oi'gons and carried 
hy the blncxl t-o other parts rjf the bixly^ the cells of wlikh they excite 
to activity. Thtase substances have reaeived thf’ geni^ral designation 
of hormones (ipjidm^ to stir tip)j a term introdnce<i by Prof, 
Starling, Tkhir action^ and indeed ilicir very existence^ has only 
been reet^ized of late years, although the part which they play in 
the phy»itilog\” of animab apjjearg to be onij' second in importance 
to that of the nervous c^'^atem itself; mdocd« maintenance of life may 
become imptifisiblo in the ai^sence of certain of these horraouca, 

XEnVQVS SYSTEM IX ^tAIXTEKANCH f>r AOOUEnATE 

Before we consider the matuier in which the nervous syriteni serves 
to coordinate the fife of the cell aggregate, kl us see how it luis 
become evolved* 

The first step in the process was taken when certain of the cells of 
the external taj'cr hecame specially senisUive to stimuli from outside, 
whether ciiuAed hy mechanical impressiona (tactile anti auiLitoiy 
stimuli) or impressions of light and darkness {visual stmrnli) or 
chemical impressions. The effects of stich impnessiona ’wero proli- 
ahlv at first simply communicated to adjacent celb and spread from 
cell to cell tbronghout the An advance was made when the 

more impresaionablo cells throw out branching feelers amoUj^t iho 
niher eellfi of the organism. Such foelerg would ctmvey tho effeeta of 
stimuli with greater rapidity and flirectness to dbtont parb^. They 
may at fin^t have been retmetile, in this respect resembling tho long 
pseudopodia of certain Khisjop«>da. When they became fixed they 
would bp potential nerve fibers and would represent the beginning of 
a nervous sj'fltem. Even v^et. (as Ktjsa Harrison has shown),, in the 
eonme of development of Dcrve fibers, each fiber makes it^ appear* 
anco os an amoeboid cell procoss which is at first rPtroetUe, but 
gradually grows in t-o the positinn it is eventually to nceupy and in 
which it iftill become fixed. 

In the further course of evolution a certain number of these 
specialized cells of the ex ternal layer sank below tho general surfacci 
partly perhaps for protection, partly fur better nutritioat they 
became nerve cells. They remained connected with the surface by 
a prolongatiuii which become an afferent or sensory nerve fiber, and 
through its terminalion betw^cen the cells o| the genera! surfaco con¬ 
tinued to receive tho effects of external impressions; on tho other 
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Imndp thi>y cftntmtied to trnn.srnit thrscs impreaaions to other, more 
distrint €ethi by their effciTQt prolongations. In the further course 
*>f evolutk^n the nenrous system thus laitl dovKii became differontmted 
111(0 distinct afftrenif and intermediary portions. Once 

c?:ilahllshetlj suoli a nervoua system* hoivcver simple* must dominate 
the organUm, since it would fumUh a mechanism whereby the indi- 
vidiml cella would work U^gether more effectriially for the muiuiU 
benefit of the whole. 

It la the development of the nervous systemp nlthmigh not poj- 
rceditig in all classes along exactly the saiiic tine* which is the most 
prominent feature uf the evolution of the Metaiioa. By^nd through 
it all impre 5 si<>ne reaching the organicni from the outside are trajis- 
lated into coutraction or some other form of c^ell activity* Its for- 
niaticm has been the means of canning the complete divergence of the 
world of animals from the world of plants* none of which possCE^ any 
trace of a nervous system. Plants react* it is true* to external 
impre^ions, and Uic^se impressions prodnee pndound changes and 
oven comparatively rapid and eneigetic movemejiLs in parts distant 
from the point of application of the stlmnlus—as in the well-knovm 
instarice of the sensitive plant. But the impre^ions are in all cases 
pmpfigatod directly from cell to eeU—not through the agency of 
nen^e fibers; and in the absence of anything corresponding to a 
Uf^nruus system it is not pOf^ible to supped that any plant can ever 
acquire the least glimmer of inlelligpuce. In animals, on the other 
handp from a slight ori^naJ modification of certain cells low directly 
proceeded in the connsvC of cvolntion the elaborate stfiicturc of the 
nervous system with all its varied and complex functiotis, widch 
roach their culminntinn in the workings of the human intolleet. 
'MThaf a piece of w^ork is a man! How' noble m reasoni How 
infinite in Faculty! In form and moving how" e.xpress and adnurablel 
In action bow like an angell In appreheaslou how like a god f” But 
lest he be elated with his psychical achievements, let him rcinember 
that they are but the rosuft of the acquiBition by a few celb in a 
remote ancestor of a slightly greater tendency to react to an extenial 
BtimuIuS| 60 that these cells were brought into closer touch wdth the 
outer world j while on the other hand* by extending beyiind the cir¬ 
cumscribed area to which their neighbom remained restriotod* they 
grad vial IV acquired a dominating influence over the rest. These 
domifisting cells became nerv'e coLLh; and now not only furuieh the 
means for transmission of impressions from one pait of the organiam 
to anotheri but in the progress of time have become the seat of 
l>£?rception and conscious sensation* of the formation and association 
of ideas* of memory* of volition* and oJi the maiufestatlons of the 
mind* 
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ILEGLUATION OF ^iJQVEMENTS BY NERYOUB SYSTEM—VOLUNTAltY 

MOTEMENTS. 

Thi? most coofFpictious pnrt played by the oerY'oxis system in tho 
pheDomcnn of life b that wHirh prodtices and reflates the general 
mo Yemen ta of the body—jnovementa brought about by tho scneaUinl 
voluntary' muscles« Theso movements aro actuiilly the result of 
imptcpioTis imparted to sonsoiy^ or affer^nl nerres at the periphery', 
0 . in the skin or in the several organa of spoeial senses the ofTeet 
of those impressions may not be immediate^ but can bo stored for ati 
indofimte timo in certain cells of the nervous j^tem* The regu¬ 
lation of movements—whether they occur instantly after reception 
of the peripheral imprcfisjon or rc^nilt after a certain lapse of tune; 
whether they are accompanied by conscious sensation or are of a 
purely reflex and unconscious character—is an mtricftte process, and 
the conditions of their coordination are of a complex naiurcj. involving 
not merely the cauaatioa and contraction of certain muscles, hut also 
the prevention of ihe cont4‘action of others. For our present knowl¬ 
edge of these condilions we arc largely indebted to the rasearches of 
Prof, Sherriugtcin. 

IXVOLVNTAEY MOVESitENTf!—EFFECTS OK ESJOTIONfl. 

A less conspicuous but no le^a important part played by the nemiua 
system is that by which the contractions of involuntary' musiclcfi are 
regulated. Under normal circumetanccs these are Ways indo 
pendent of coixsciousness^ but their regulation is brought about in 
much the same way as is that of tho conlractions of voluntary 
muscles, vix, as the result of impressions received at the periphery. 
Tlicso are transmitted by aiforent fibers to tlie central nervous 
system, and from tlie latter other impulses are sent down, mostly 
along the tiervea of tho sympathotic or autpiiomic system of nervosif 
which either stimulate or prevent contraction of the involuntaiy' 
musdos. Many involuntary muaeles have a natural tendency to 
continuous or rhythmic contraction, -which is quito indepondent of iho 
central norvous systom. In this case tho effect of impul^ea received 
from the latter is merely to increase or diminish the amount of such 
contraction. An example of thLj double effect is observed in con¬ 
nection the hciirt, which, although it can contract regularly and 
rhythniic:iilly when cut off from the nervous system and even if 
removed from the body, is noirnallv' stimulated to increased activity 
by iinpula^ coming from tho central nervous system through the 
sympathetip^ or to dtmmished activity by others coming through tho 
vagus. It is due to the readiness by which the action of tho heart is 
influenced in these opposite ways by the spread of impulses gencmteil 
during tho nerve atonns w’hich we term emotionsthat in tho 
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kn^iag^ of pcs^trjj and evijn of ovory da^'^ th^^’wonl heart ** has 
becoroi) ^lynanymous vrith the omotions tbemBdves- 

The iixvoltintftjy mtiscle of the arteries bae iLh action samitarly bal¬ 
anced. When its coatraotion b increaseJ tho sbs of the ves^eb is 
le^eoed amt they deliver less blood; the parts they supply accord’- 
ingly become pale in colon On the other haud^ when the contraction 
is diminished tho vessels enlarge and deliver tuore blood; the parts 
^vhieh they supply become corresponiUngh" ruddy. These changeg in 
the artyericiip like the effects upon the heartp may also be produced 
under the influence of emotions. Thus blushing"" h a purely phys- 
iological phenomction duo to dtmmished action of the muscular 
tissue of the arte^ries, whflst Uic j^ailor produced by fright is caused 
by an ineroasftd contraction of that ti^ue. Apart^ however, from 
the^ conspicuous effects^ there k constantly proceeding a less 
apparent but not less important balancmg act ion between the two 
sets of nerve fibers tOstriibutrd to heart and blood vesseki which are 
influenced in one direction or another by every sensation which we 
experience, and cyon by impressions of which wo may bo wliolty 
unconscious, such as those which occur during sleep or anesthesiap or 
which affect our otherwise insensitive internal organs. 

JtEQULATlON or SECTTEmOX AND nOUV fEMfERATlTRE, 

A further instance nf nerve regulation is seen in secretIng glands. 
Xot all glamk are thus regulated, at least not directly: but In those 
which are the effects are striking. Their regulation is of the same 
general nature its that exercised upon involuntaty muscle, but it 
influences the chemical activities of the gland celk and the out¬ 
pouring of secret ion from them. By means of ihk regulation a secre¬ 
tion can bo produced or arrestedp Increased or diminished. As vdxh 
muscle, a suitable balance k in thk way malntainedp and tho activity 
of tho glands k adapted to the requireiuents of the organism, ifost 
of the digestive glands aro thus influcncedp as are the skin glands 
winch secrete sweat. And by the action of tho nervous system upon 
the skin ginndsp together with its effect in increasing or duuinishing 
the blood supply to the cutaneous blood vessels, tho temperature of 
onr blood k regulated and k kept at the point best suited for mainte- 
nancQ of the Ifo and activity of the tissues. 

EEfECTS or EMOnOSTS 03^ SECRETION\ 

The action of tho nervous system upon the secretion of glands k 
strikingly exemplified, as in the case of Its action upon the heart and 
blood vessels by the effects of the emotions. Thus an emot Ion of one 
kirid^ such as the anticipation of food| will cause saliva to flow—“the 
mouth to wator;'^ whereas an emotion of another kind, such aa fear 
(38300*—flU 
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or iiiLsietyr wtII tho secrotionj qat^fllog tb& 'Hongtit? to cleaTO unto 

the roof of the mouth,” rendermg speech iliffieult or impossible. 
Such arrest of the salivaiy fiecretion aUo make^ the swjdlowing of diy 
food difHcijU. Advantage of this fact is taken in the **ordeal by 
riec” which used to be employ inI in \h^ East for the detection of 
crlminaU* 

KEGUT^TJOX BY OUEMLCAL AOESTTS. 

Tlie ftctiyities of the cells const iiuting our bodies are controtlod* as 
already mcntionedp in another way than llirough the nervous system, 
vizp by chemical agents (honnonGs) circulating in the blood. Jlany 
of these are produced by special glandular organs, knoivn as irj:emally 
secreting glanik. The ordinary secreting glanda pour their setTciions 
on the exterior of ihe body or on a surfaco coiiimiink'ating with 
the exterior; the internally secreting glancla pass tha materials which 
they produce directly into tho blood. In this fluid the horraones are 
carried to distant oTgans. Their inl]uenc:o uptm an in^an may be 
csacuUal to the proiicr performance of its functions or may bo merely 
ancillaty' to it. In the former caso remoyal of the mtemafly accreting 
gland which pmdtu.'eA the hormonCj or its destmetion by dkeasOp may 
prove fatal to the organism. Thia ia the case with Iho suprarenal 
capsules, small glands which are adjacent to the kidneys, although 
haying no physiological connection with these organs. A Gtty's 
phjiik iaOj I>r. Addison, in the midille of the last centuiy show ed that 
a certain affectionj almost always fatal, since known by hk namcp b 
aasociai ed with diseBi^e of the suprarenal capsules. A short time after 
this observation a French physiologistj BrowTi-&6(|uardj found that 
animals from which the suprarenal capsules are removed rarely aur- 
Tive the operation for rnoro than a few’ days. In the concluding dec¬ 
ade of the last cenluiy interest In these bodies was revived by the dus- 
eoveiy Ihai. they aro conslautly yielding to the blood a chemical 
agent (or hormone} which stimulaLos the contractions of the heart 
and nrteriea and assists in the promotion of every action w'hich b 
brought about tJiTough the sympathetic nervous system (Langley). 
In this manner the importance id tlieir integrity has been explained, 
although we hayc still much to leam xegardiiig their functions* 

Tnraoio asp rAiiATirraoins. 

Another instance of an internally secreting glarifi whlrh is essential 
to lifo, or at laafit to its maintcnanco in a normal condition, is tho thy¬ 
roid. Tho asaoeiation of imperfect development or dbeoso of iho 
thyroid with disorders of nutrition and inactiyity of the nervous sj^a- 
tern is lyrll lificoiiainod. The form of idiocy known as cretinism and 
tlie affection termetl'^myxeccjenia’* are both associated w'ith deficiency 
of its sfrcrot.ion; somewhat similar condliiotia to thcao aro produced 
by the surgical removal of tlie gland. The symptoms ore aJJevbted 
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or cured bv the RdmitiLstration of its juice. On the other hand, en- 
largsiaent of the thyroid, accompanied by increase of its secretion, 
produced sytnptoma of nerrous c:tcit«tioTi, and similar eymptoma 
are caiLsed hy excesaire administ ration of the irlanduiar substance by 
the mouti). Fmm these obaen’sfionB it is inferred that tlie juice con¬ 
tains hormones which help to rcpilate the nutrition of the liody nnd 
senrp to sliinulate the nervous sjiiitem, for the luglier functions of 
which they appear to be essential. To quote M, filey, to whose re¬ 
searches we owo much of our knowSodge regarding the funetiona nf 
this organ, '‘Tju gcn&i* et I’exercice des plus hautce facullfs de 
rhonuiie sont conditionnds par 1'action pureinent rhimique d'lin pro- 
duii do aSe^^!tion, Quo Ics psyehologues m6ditent ces fails. ” 

The easo of the parathyroid glandules is stiU mr>re remarkable. 
TliC-se oi^nns were discovered by SandsirGiti in ISSn. They are four 
minute btuIie-H, each no larger than a pin’s head, embedded in the 
thyroid. Small as they arc, iheir internal Bccpciion possesses hor¬ 
mones which exert a p»owerful induenre upon the neiwous system. 
If they arc completely rt'moved, a complex of synipturns, technically 
known as ''tetany,'’ ia liable to occur, which is always serious and may 
be fatal, Idke tlie hormones of the lliyroid itself, therefore, those nf 
tho paralliyroids produce elTccta upon the nervouii system, to which 
they are carried by the blood, allbough the effects arc of a different 
kind. 

PiriTTAIjy (5t*AXD. 

Another internally secreting gland which has evoked potisiderable 
interest during the last few years is the pituitary liody. This is 
a small structure no larger than a coli nut attached to the base of 
the brain. It is mainly composed of glandular cells. Its removal 
has been found (by most observers) to be fatal’—often within two or 
three days. Its hypertrophy, when occurring during tho genora! 
growth of the body, is attended by an undue development of the 
skeleton, !a> that the stature tends to assume gigantio proportions. 
When the hypertrophy occurs after growth is completed, the extremi¬ 
ties, via, the hands and feet and the bones of the face, are maitlly 
affected I henco tho condition has been termed "acromegaJy" (en¬ 
largement of extremities). The association of tliis condition with 
affections of the pituitary was pointed out in 1SS5 by a dlsttDguUlied 
French phywiedan. Dr. Pierre Marie. Both “giants” nnd “acromeg- 
aJLiis” arc almost invariably fotmd to have an enlarged pituitary. 
The enlargement is generally confined to one pan^the ^terior 
iobe—and we conclude that tim produces hormones which stimulaie 
the growth of the Iwidy generally and of the skcleti>n in particular. 
The remaljulDi- of the pituitary is «iifferent in stnioturc from the an¬ 
terior lobo and has a different function. From it hormones eon bp 
extracted which, like those of the autirarenal capsule, although not 
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exactly in tbo sajhd maoiiGr, uiluexice the coatraction of the heart 
and urtorio$, Ita cxtracta are also irntrumontal in proai^oting iho 
secietioa of certnin glands* When injected into iho blood they causo 
a free socrotion of whaler from the kidney's and of rndk from the tnam- 
mnrj gland^^p nckhor of which organs aro diiecily inJluonced (as most 
other glands arc) through the nervous sj'^Lom. Douhtloss under 
naitiralconditions these otgana arc stimulated to actlTity by hormones 
which are produced in tho pituitar 3 ^ and which jiass from this into the 
blood. 

llie in tern ally sfic rotmg glands vrhkh have been mentioned (thy¬ 
roid, para thy rokh supraronftlj pituitary) have, so far as is tnowUp no 
other function than that of producing chemical aiilislances of this 
character for the inJluencing of otlicr organs, to wdiich they aro COU'- 
vcyed by tho Hood* It is iuteri^tuig to observe that these glands 
are all of very small size, nono boiug Uirgcr than a wTilnut, and some— 
rho parathyroitb—almost microscopic. In spite of thk, they are 
essentia] to the proper niaintouanco of the Hfo of tlie body, and tho 
total removal of any of tbom i>y disease ur operation is in niost cases 
speedily fatal. 

PANCHEAS. 

There however, ojgans in tho liody yielding internal swridions 
to tho blood in the shape of hormones, hut exercising at the same time 
other functions. A striking instance ia furnished by the pancreiis, the 
secretion of which is tho most important of the digc?stivo Juices, 
This—the pancToatic iuloo—fonns tho external suorotioti of the gland, 
and is poured into tho iutc^tme, whero its action upon tho food as it 
passes out from the stomach has long been recognized. It was, how¬ 
ever, discovered in 188ft by Von Mering and iUnkowski that the pan¬ 
creas also furnishes an internal secretion, centaining a hormone which 
is passed from tho pancreas into the blood, by which it is carried first 
to the liver and afterw'ar(U to the body generally. This hormone is 
ei^iitial to the proper utilization of carWhydrates in the organkm- 
It is ivell known that the ciirbohydrntea of the food are converted 
into grape sugar and ebeukte in this forn^ in the blood, which always 
contains a car lain amoimt; tho blood convoys it to all tho cells of tho 
Ijody, and they utilize it as fuoL If, owing to diseuso of the pancreas 
or as the result of itsitimoval by surgical procodurc, its internal secre¬ 
tion Is not available, sugar is no longer properly utilized by the cells 
of the body and tends to accumiilaie in the bloody from the blood the 
exci^ passes oil by the kidno}^, pro<iuciug diabetes^ 

ntropESusT, 

Another instance of on intemal secretion furnished fay an organ 
which is devoted laigely to oLlier functions is tho ^^progocretin^' 
found in the cells lining the duodenum* When the acid gastric juice 
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comes into contaet iviih ihmet ccE^j it courcrts their prosecretin into 
“secretin.” This Is it hormone which ia passed into ihe blood ttnd 
circulates mth that fttiid. It has a specific effect oq the extern ally 
secreting cells of the pancreas and eaus4^s the rapid outpouring of 
pancreatic ] nice into the inlestiiie. This is similar to ilmt of llie 
hormonea of the pituitary body upon the cells of the kidney and mam¬ 
mary gland. It was ^Uscovereil by Baylks and StnrliiTg. 

TNTEaSAL SEcnmONS OF RFPRODrmVE fORGANS. 

The re[iroductivo glands furuiah in many rospecta the mf>3t interfst- 
ing example of organa which—besides their ordinary product^i the 
germ and sperm cells (ova and s])ermato^ou)—form hormoties which 
oirculato iJi the blood and effect changes in cells of dktant paries of the 
body. It is through llieac Uortiiuncs that tho secondary sexual char¬ 
acters, such ns the comb and tail of the cock, the mane of the Uonj, the 
horns of the stagt the beard and enlarged larynx of a man, arc pro¬ 
duced os well 09 the many differcnc4^ in form mid strucluro of tha body 
wliich are eharacteristic of the sexes. The dependence of these 
sci-calkd sjecondary sexual choroctcre upon the state of doYcIop- 
mont of the reprodnetiYe oi^ana has been recognized from time im- 
memorialp but has usually been ascribed to influences produced 
through iho nervous system^ and it is only in recent years that the 
changes Lave been shown to be brought abont by tho agency of in¬ 
ternal secretions atid hormones, passed from tho roproductive glands 
into tho circulating blood 

CIIEMJCAL NATTTBE OF llOEMONES. 

It has been (ao^iblc in only one or two instances to preporfi and 
Isolate tho hormones of tho internal si*craLioiiH in a sufficient condition 
of purity to subject them to anijysisj hut enough is known about 
them to indicate that they are organic bodies of a not very complex 
nature, far simpler than proteins and eyen than ena^ymess. Those 
which hftye boon studied arc all dialy^able, are readily soluble in 
water^ but insoluble in alcohol, and are not destroyed by boiluig* One 
at least—that of tho modulla of Llie supraronnl uiijjsule—ho^ been 
prepared synlhotically, and when their exact chemical nature has 
been soinew'hat better elucidated it ^viU probably not bo chJlicult to 
obtain others iti the same w'ay. 

From the above it is dour that not only h a ccH:>rdinalio[i through 
the iioryous syetem necessary in order tlmt life ahall he mainLahuHl 
in a normal condition^ but a chemical coordination is no loss oasential. 
These unry be independent of one another; but on tho other hand 
they may react upon one another. For it can be showm that the 
production of some at least of the hormones is undiifr the influence of 
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tho nf'rrous (Biedl Klliotl); whikt, ua we haw 

soiiii^ of the functif>n& of the uerruus w^T^-toni nre dependent upon 
homuiiiesi. 

PROTECTIVE CHEUlOAL M ECUAXliJSIfl, 

■i 

'nnie \^iU not permit nie to refer in tmv but the hriefeat maninT to 
tlie protective mechtiniains wWch the cell nggrpgfite hua evolved for 
its defence ugsdnst dbeaeC;, cspeciully iircjiluced by parasitic 

Tliese, wliicli witli few exceptions are iinicelluliir, 
ftfL' without iloubt ilw most forniidnhle enemies wliich tlie muJti- 
celkilsr Sletiissoa, to wldcli all the liigher animal otganisnia t>elongj 
have to contend against. To such microtirganknin arc due 
till tliiw a&f'S wliich art? liable to become^epiilemicp sudi ns anthrax and 
niulerj>est in cattle* rlistemprf iti dogs and cats, smallpox, scarlet 
fever, measles, and fileeping sickness in man. Tile mb^jmees of 
mcKlem medichie liave shown that the symptonis of these ilisi^ases— 
the disturbances of mitrition, the temperature, tho toitode or 
excitement, and other nervous disturbances — are the effects of 
chemical poisoras (toxins) procluced by the micrtHjrgamanis and acting 
deleteriouHly upon the tissues of the body. Tlie tissues, on the otJier 
hand, endeavor to counteract tlicsc effpeta by producing other 
chemical Butjstances destructive to the microoi^imisnis or antagonb- 
tic to ilieir action: these known as anliboJi^s^ Sometimes the 
protection takes the form, of a subtle alteration in the living puIa- 
* Btance of thi'- cells wducli renders them for a long timOj or even per¬ 
manently, itisuaccptihle (immune) to the action of the pobom Some- 
times certain cells of the body, such as the white corpuscles of tim 
blood, cat the invading micpooigaiiisins lunj di^stro)- them bodily by 
tlic action of chemical agents witliin their protoplasm^ The result of 
an illness thus depentb upon the result of the struggle between tlkcse 
opposing forces the microorganisms on the one hnnd and the cells 
of the IhhIj on the otlier — ^both i>f which fight with dieniical weapons. 
If the ceUa of the boily do not auccoed in di^troying the invmling 
DTganismSp it is ecrtitin that tlie invaders wUl in the long run destroy 
them* fur in tins combat no quarter is given. Fortunately we liave 
been able, by the aid of animal experimentation, to acquire ^imic 
knowledge of the manner in wJudi we ate attacked by microorganisms 
and of the mcUiods which the cells of our body adopt to repel the 
XLttack^ and the knowledge is now extensively utilized to tiaaist our 
defense* For this purpose protective serums or iuilituxms, wldcii 
have been formed in tlie blood of other animals, are employed to 
supplement the action of those wldcli our own cells produce. It is 
not too much to assert that the knowledge of the parasitic origiu of 
so many diseases and of the chemical ogents which on the one bond 
cause, and on the other combat, their symptoms^ has transformed 
meiUcine from a mere art practiced cmpiriciilly into a real science 
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linjicd upon expt'rimput, Tbo tTanaforniAtioBi Kaij c^petKjd out an 
UlmiJtaUk' I'ibtft of pcwsibUitics iiv the direction not only of cure, botj 
more important kiLU, of prevention. It hna taken place witliin the 
memory of moat of us who are here present. Anil only last I’ebruary 
the world was mourning the death of one of the greatest of its bene- 
factore—'ii former president of this association ' —who, by applying 
this knowledge to the practice of surgery, was instrumental, even in 
his own tifetinie, in saving more lives than were destroyed in all the 
bloody WOTS of tho nineteenth century! 

SENTESCeMOE AMD DEATH. 

Tlie question baa iweJi debated whether, if all accidental modes of 
destruction of the life uf the tsells could bt' eliminated, there would 
remain a possibility of indiviiluat Cell life, and even of aggregate ceQ 
life, continuing indefinitelyj in other words, Arc the phenomena of 
Beni>sci>nco and ih'ath a natural and necessary sequence to the exist¬ 
ence of lUe 1 To most of my audience it will appear tliat tlic suhiect 
is not open to debate. But some physiologists te. g„ Metchnikoff) 
hold that the condition of senescence ii itself iibuonnal; that old age 
is a form of disease or is due to dbcafii?, and, theoretically at least, is 
capuihle of lieing eliminated. We have already seen that indmdual 
cell life, such as that of tlie wlutc blocwl corpuatUs and of tlie cells of 
many tissues, can undiT siiitahlo conditions be prolonged for days 
or weeks or tiintitliii after gt iif-rnl death. Unicellular orgmiianns kept 
under suitable conditions of nutrition have Ini-n obsTved to curry on 
their functions normally for prolonged periods and to show no degen- 
emtioii such us would accompany sencBceiioe. They give rise by 
dii'ision to otlieis of the same kind, which idso, under favorable 
conilitions, coutinue to live, to all appearance iiidcfinitely. But 
these instances, although they indicate that in tlic simpk'st forms 
of organization existence may he greatly extended without signs of 
decay, do not furnish conclusive evidence of indefinite prolongation 
of life. Most of the cells widcli constitute the body, after a period of 
growth and activity, somctinira more, sometiniea less prolonged, 
eventuidly undergo atrophy and cease to perform satisfuctorily the 
functions wliich ore allotted to them, ^\nd when w'e coiieider the 
body os a whole, we find that in every cose tho life of the aggregate 
coneisls of a definite cycle of changes which, after passing ihrou^ the 
stages of growth and maturity, always leads to senescence, and 
finally temiinatca in death. The only exception is in the rep^ 
ductive cells, in which tho processes of maturation and fertilization 
result in rejuvenescence, so that instead of the usual downward 
change toward senescence, the fertilized ovum obtains a new lease of 
life, which is carried on into the new-formed organism. The latter 
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agiun it^telf ultimately fiirms reproductive cellfi, lind time tlie life of 
the epecWji is coDtlnued^ It is only in the sense of its propagation in 
this w^y fmtu one generation to miotlier that we can speak of the 
indefinite continuance of life; we can only be inunortal through i>ur 
descendantHi 

duration or LlfE AKD rOSSlBlLn'V OF ITS PKOLONOATIOW 

The individuals of cverj* * species of animal appear to hare an aver¬ 
age dura Lion of existanoo.* Some Bpeeies are known the incliriduala 
of which live only fi>r a fow hoursp whilst oLhens survive for a hundred 
years*^ In man liimseU the average length of life would probably 
be greater than the three-score aud ton years ellottod to him by the 
Psalmist if cnuhl eliminate the results of disease and accident; 
when those results anp includecl it falls far short of that period* If 
the tenos of life given in the purely mythological ]iftrt of the Old 
Testament were credible^ man would in the early' stages of his history 
have possessed a remarkable jKJwer of resisting ago and disease^ 
Bui* ejthough many Jiere present Tvere brought up to believe in their 
literal veracitYj such records are no longer accepted even by’ the 
most orthodox of tlieolugienSp and the nine Iiundred odd years with 
which Adam and his immediate descendants are credited* culuii* 
natJng in the 969 of Methuselah, have been relegatetl, with the 
account of Creation and the Deluge^ to their pix^per position in lit¬ 
erature, When -wo come to the Hebrew PatiiarciiH* wo notice a 
cimsidorabift diminution to have I a ken place in what the insurance 
office!^ term the **axpectaUon of Ufe.^" Abraham is described os 
having lived only to 175 years* Joseph and Jushuii to 110* Muacs to 
120; even at that age “his eye was not dim nor Ida natural force 
abated,*' We cm not say that under ideal conditions all these 
lerms are miixissiblo; indaoil* Matchmko:^ ia dkiK^sed to regartl them 
os probable; for great ages ore stiU occasional^ riK^orded* idthough 
i I is doubtful if any as couaiderable as these arts ever substantiated. 
Tliat the expectation of life was better then than nmv would be in¬ 
ferred from the apologetic tone adopted by Jacob w“hen questiouod 
by Pharaoh Ois to hk ago: " The days of the years of my pilgrimage 
are an hundred and thirty years; few and evil have iho days of the 
yeai^ of my life been* and have not attamed unto the daj^ of the 
years of the life of my fathimi in the days of their pilgriiimge* ” David* 
to whom* before the advent of the modeni statistician^ wo owo the 
idea that 71) years is to be regajnled as the normal period of Ufo*" 

1 Thk ■ru by Bua«i u relftlid lo Um but Itflnli? 1 jCM lflWj noiiwIutAal- 

TIumhjtKMidiHaiml by iUy LuOkIat In aq «irly warlL, On Cempamaw Looinlly la Mui^ud AoK 
taob, 15^70= 

* Tb^nfipfuriJi»t*Jf iwbr parlDaiorSoaviTLtj ^ dirmil epiriw Df iDlnmafumJiibfS * itwai vnph 
laitni bffinfl th^ itwwy llui UMdttay uf ald*efl Um a«ldAuap}MHmniui3pCaiB£u^ *ixh i^lsrnm- 

iTtiflQ^p^ruUuXLofllKia^HliMlUiyiiuiiolBOliiyJlnekflMd Kt bbouE ai 
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is Jiimself merely stated to hu^e in a g?iiod old ago/^ The 

[HiriDds recoiided for tko KingiS show a considerable falling off as 
compared wiih. the Patriarclis; hut not a few wore cut off by violent 
deaths^ and many lived Uvtg wliieh were not ideal. Amongst emi¬ 
nent Greefci and Romans few very long livi^ am recorded^ and the 
s^ame is true of historical persons in medieval and modern history. 
It i$ a long life Lliat lasts much beyond SO j three such linked together 
cany ua far back into histoiy* Manldncl is in this rrapect more 
favored than most mammals, although a few of these surpa^ the 
period of tnan^s existence.* Strange that the brerity of human life 
stiould be a favorite theme of preacher and pt^el when ihe actual 
term of Ills ‘'erring pilgrimage^* is greater than that of most of hb 
fidk^w creatures. 

TiiE ESD OF LIFE* 

The niodfim applications of the principles of proven live metUeino 
and li}=gien6 are no doubt opera ling to lengthen die average life- 
But even if the ravages of disease could he altogediftr eliminated^ 
it h corrain diat at any rate the fixed cells of our body must even¬ 
tually gn>w old and ultimately cease to funcdoti; when this hapiiens 
to ceb-H wliicli are essential to the iifo of the organism, general death 
must r^ult. Thb will always remain the universal law^ from vthkh 
there h no ‘*AII that hvea must die^ passing through naLure 

to eternity." 

Such natural death unaccaleratod by diaenso—b not death by 
disease os unnatural os death by licscidentl-—should be a quiet, 
poinl^ phenomenon, unattended by riolent change. iTaatre 
expresses it^ ‘‘The need of death sliould appear at the end of life. 
Just as the need of sleep appeera at the end of the day. ” The change 
has been led gradually up to by an orxierly succession of phososj and 
is Itself ilie lael manifistation of life. TTero w© aD certain of a quiet 
passing"Wero we sure that Lhero would b© "‘no moaning of tho bar 
when wo go out to sca’*“-we could anlicipato the coming uf death 
after a rip© old age without apprehension. And if ever ibo timo shall 
aiTivo when man will have learned to regard tJife change as a simple 
physiohigiral process^ ob natural as the oncoming of sleeps tho a]>* 
pioach of the fatal shears will bo os gonorally welcomed *is it is now 
abhorred. Such a day is still ilbiant; w© can hardly aay that ita 
davTiing is risible. Lot na ttt leoyt hop© that^ in tho manner ■tlepict-fHi 
by Diirer in iik weU-kuown etching, the sumhino which science irra¬ 
diates may evontualiy put to flight the melancholy which hovers, 
batliko, OTOi- the termination of our lives, and which even the antici¬ 
pation of a future happier oxkleuee has not lilthcrto succeeded in 
disperiiing. _ _ 

ir^niiL «sUnmn lafnlMliicn WBaOtPi luiml pfwiw iulmutimn J^UMram^^-FrmndJ 
fiXm et DuxrtB, ml. 
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THE ORIGIN OF IJFE: A fHEJHST'S FAXTASY.‘ 


By H. I5r Aayimiosc. 


‘‘Behold, tho bejdimlnS *>( w obewinttloii of hoff men MntnditS 

eatli other’aiid the essuch wheiiM comoth tfiie contBuUetion md the ceLiBure mi 
miitnut el bw* oplnlw- And U ia an iiii<iuiry into that which poemi, whether it 
rightly fieftmi; and the diBcovery of a cwtain rule, even aa we have found a baknce 
fcT wefghhi and n plumb-liue fur etraight end corniced. This is the beginning of 
philMopby ErtCTETDB^ 

Tlia preflidentin] nddresa delivered recently to the British Afisock- 
tion nt Dundee by Prof. Schafer Hiid the auhaequent unJependent 
discussion, at & joint sitting of the phj-siologicat und zoologies 
sectiona of tiie Asaoeiution, of tlie subject consklored in the ]>re3tdeut's 
discourse -htU at least have serveci as a corrective to the wave of 
vitflliatn that bas passed over society of late years, owing to (be 
pervasive eloquence of Bergson ant! other ^vriters who Imve elected 
to discuss tbe problems of Hfe, maiidy from tlic nieUpbywiCHl and 
psycliologicul pohns of view, with Uttle teferenco to tbe knowledge 
gained by exj>erinieiital inquiry. 

As Prof. Schafer liiraself remiukied, tho problem of tJie origin of life 
is at root a cbemicnl pioldem. It is aornewhat surprising, tlierefore, 
that the chemists were not inviteil to join hi the debate at Dundee. 
Jud^g from the riynarks that fell from several of the speakers, 
their eoltaring preseiicra was by no means unnecessary. It la clear 
that, so long as biologists sae satafied with the raoclicum of chem^try 
which is now held to servo their puri^““i ^<*7 ^ ^ 

escajje from the region of vaguo surmise. 

On the Tuesday Prof, ^ifucallum fancifully pictured the earth as at 
one time "a gigantic kbonitory where there had been a play of tre¬ 
mendous forces, notably electricity, which might have produe^ 
milhona of times oiganiams that survived but a few hours, but m 
which also, bv a favorable coniunctiou of those forces, what we n^ow 
call life might have come into existence." 1 think I heard hun then 
refer to tlie fltorea of oil now p oasesa nnd imply that t ey 

iit.prtm«larF>iiiiP>l^^ 3=^ a, U» v ™tirth oanmr, No, *, Ortob*, «li Ua. 

don, Fpt aiow. 
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came into existenre m thoie times. Chemists and geolo^ts would 
be in agreemont, 1 bellev^p tliat thfese oik w^ere formed at n somewLal 
late geological epoch aJid tUftt they are deriTed from fatty materials 
kid down as remama of organisms. 

Profn Benjamin Moore, biiinming over witli biotic energy, after- 
wank told us that something more than structure was necessary for 
life»” ITe preferred a dynamic view wliicii embraced energy; mcUion, 
liiid change] * * * all the aclions of tlic cell were concerned with 
the liljeration of aicrgy and its transfomuilion into many 
For tiro origin of life * * * it wna nccessao" to start with the 
formation of organic bodies. The colloiiia, wMch were large aggre¬ 
gates of molcculeSp. begim to show the properties of dawning life, but 
it was needful also to get an energy transfomior attached to the 
colloitl. He ako inskled that " the problem was metaphyBical at the 
pr^ent momej^t, iis through all the ages the process of life was gcdng 
on. As soon as the colloids got under the influence of sunlight they 
started synthesizing organic bodies. That process was going on 
noTv/' 

In making such statements Prof. Jlooro altoi4na<1 his imagination to 
run away wdth him; hk assertions can not be justifled. Vague, 
Bweeping generalities are out of place in such a discussion. Unless 
tlie steps ba made elear^ there can be no logic in tlie argoment. 

No doubt something more than structure k necessary for life. 
Xevertlicless life k dependent on structure—just as k the activity of 
the steam engine- The staam engine k essentially a djmamic rnachin e; 
it lives only when fuel k burnt under its boder^ but the energy 
liberated m combustion k brought into action through the agency of 
a complex medianism. jlnd it k worth noting that by a slight 
extension of thk mechankm the engine may be made to "rememlier, ** 
and even talk. Thus, if it be causod to draw a atcel tape nerosa the 
magnetb pole of a telephone while the drum of the instrument is being 
talked at, the message is taken dov7i by the tape; if the tape be then 
drawn bitck in the reverse direction, the drum of the telephone wUl 
speak and deliver tiio messsage remembered in the tape. Surely such 
an analogy with life k worth considering. Of course it will bo said 
that the engine is fashioned by an intelligence external to itself and 
if we suppose that life may have been eclf-constituteilp to obtain n 
hearing we must discover the means of seif^onatilution. 

Sir WiUkm TildeUpin a letter to The Times (Sept. 10. 1012), after 
rt>fcrrifig to the various niw materLak uvaikbloon the earth, remarks: 

I vaatafv to think ihat na cb^aikL will b« pnepArod to su^ '=>§1 a proces by wbic^b 
(iTiiDi ih^ Jatemrtloa tyi tfudi loilariAli't an.S'ttiiiig tipproocblng l jbertuice of tbe 
of a protfiid coulJ be formed or.. U by k ftjmplM of clm-ngva ii comp^uiid t>f thia 
kind vcTO craeei^'ftbly pfDdut.'wd. thii ii would preacat ihc eh&ractejr« vt Uvioj^pruto- 
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He appears tw deprecate discussion of the problem, judging from 
the concluding sentence of his lot ter: 

Far bo it f»m any wan of odonM to nflinn that any gii'en aet of phonnmftna. ia not 
a fit Bubjcct of inquirj' and that limw lb any limit to what way be nveaisd in anjww 
tonwtowatic and wcU-dirartad in%istigatioa. In ibe piwent mrtanL^ Unwo^-er, it 
appeaH to mo tliat tW* ia not a field for the chemUt dot one to which cheimitry n 
lifoly to aflOTii ^tiy MSfftsmra wlifttftver. 

I agrCL^ with Sir WUltora TUden thnt Prof. SchSfer's address '• leaves 
tis exactly where we were " and that the « earlier part of the discourse 
leaTes open llie tjuestiion as to a criterion by whidi living may be 
distinguished from nonliving matter." But I con not accept his 
statement that 'Sve have at present, ihetefore, no clear idea as to 
what life is, and therefore no clear road open to the study of Ute con¬ 
ditions uniler which it originated." , , , , , 

Like Prof. Schafer, I do not fmd myself in the least helped by the 
idea that lifo haa originated elsewhere; by adopting such a con¬ 
clusion we only shift the difficulty a stage farther back. I agree, too, 
with Prof. Minchin in thinking that if life had reached us from otlicr 
worlds it would have found our earth unprepared to receive it and 
would have been starved out of existence; thia question of food 
supply has not been taken into conaiderotion by the advocatCH of the 
hypothesis. If there be life elsewhere, on other worlds than oura, 
the probability is that it more or less resembles lifo as we Imow it. 
To judge from spectroscopic evidence, the materials of which our 
world consists are tliose which constitute tlie cosmos. There k but 
one element in which tho potency of life can bo said to e.vist—the 
element carbon; the compie.titie8 and variations which are met with 
in aniniaie material aro only possible apparently in a material of 
which carbon is the essential constituent. Carbon stands alone 
among tho elements. It is the only one known to us whwo atoms 
hang together in largo numbers and can bo arrongod ui a great 
variety of patterns. The peculiarities of animate matter may cer¬ 
tainly be said to be in large measure determined by the p^nce of 
carbon, though nitrogen and oxygen, of course, play an aU-iraportant 
part- Our pcculiaritiea may well prove to be traceable ulumatelj' to 
those of tho element^ of which wo are buUt“incIeed it can not v ell 
lie otherwise—yet the difference must be vast between elementary 
material and living material. It fa waste of time, I believe, to pay 
much attention to the argument from analogy; mdeeil I feel that 
Prof, Scbhfcr relied too much on analogy in the earlier part of ha 

address. , - u j 

As Dr. Haldane poinU out, “Living oiganisrofl aro distinguished 

fMm evorytlung else that we at present know by the fact that they 
maintain and repttiduce themselves with tUeir characteristic struc¬ 
ture and activities. NoUiing resembling tliis phenomenon is at 
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prRspnt k^flwn In ijg in th^ inorgamf: ’»*orld.'' I do not iindorstand, 
bnwev(M^j why he go^ on to "and we may conlidontly hope^ 
similar phenumoiia aro ultimately found in wo at present t'aU 
tho morganio worlds our present conception of that world as a oicro 
w'orld of matter would be completely ftltered.*'^ Of course it would, 
but the aventuality b one that I, as a cliemist.^ can not contemplate 
aa ppsdble; far from ha^d^g conEideiit hopo^ I believo such discover;}' 
to bo out of tho question. 

Prof. Schafer says rJie contention is fallacious that growth and 
reproduction are properties possessed only by living bodies and refers 
to the growth of ciystals; but in this and not a few other cases, as I 
have saidj he carries the argument from analogy too far. The gTOwtft 
of crystals is a process of mere apposition of Uke simple imits^ wltich 
become ajisembkd, time after time, in siniilar fasluon like so many 
bricks; and there is no limit to cQ'stfvI growth* Given proper con- 
ditions, large crystals inevitably increase uL the expeuiMi of llio smaller 
fiiniilar crystals present along witli them in a solution; Jienco it is tliat 
occiinionally in nature, cnutak are mot with of huge siKe, The 
mulllplicntion of rimilar cn'^tals k tho conscqucnco of the pre^oiico 
of a ntuUiplicity of nuclei in a sedution; notliing correi^poncling to 
cell dhision is en^er observed in ca^es of inorganic growth, Orgaviiic 
growth k clearly a process of extreme comtdexity, one that involves 
the association by a variety of operations of a whole series of divers© 
units. 

It k impossihlo to regard flonion^trationa taich as Leduc has given 
with silica and other simple colloids as in any way comparable with 
the phenomena of organic growth* 

Moreover^ Ijoeb's experiments are wrongly quoted by Sehafer ss 
instanccfi of tc^i/oZ reproduction* What Locb has done has been to 
show that the life cycle may be started afresh by tlie introduction of 
an excitant into the ovum and has thereby shown that the process 
of fertilkatioit by th© spermatozoon k one in wldch at least two 
events are scored, the one lacing tlic incorporation of male elements 
wtlh female elements, whereby biparental inliertianco is secured, the 
other the introduction of an excitant fliornione) wdiicU conditions 
iJie renewal of tho vital cycle of the organism; but the deveiopment 
k that of an incomplete being whc>so somatic cells lack half the normal 
number of cliromotiomcs. 

Tlircn years ngo, in my address to Section B of iho British A.^socia- 
Lion at Winnipeg, I had the temerity to do what Sir William Tiideii 
say^ no ehemkt will be prepared to do, as witness the following 
pass^e: 

Thi? fftjncfal aimilarity at iniriseTL|n!i fhraii^oi,it croatMwi tnciy wcD hi? 

cijiadUk>uf^^ piimiirSly Ry pftiptTtif^aintiprTTjtia tbu mutcruil^ af wh^^‘h all li viai; Uuitca 
jLTa ceaitTttK^J—uf cmbaft, of dKyg©u, of mtru^, of M phfit!iphi:»nu, of sut- 
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phtiT- .U s<suie «firly period ^ howevt-f* tha possibilLties becajne linutnl and directed 
pra'esaes Lho order of the From that tUno cm ward the chemistry’ pxe- 

^‘idling in orgrttijc notiiro hecMce a far jtijiiptcr chxfmwto^ lh«i thfll of ite labomior>'; 
the posdlrnitio 4 were dimlniahedp the eerlaiiitle« nf m ilefiocitc Bno of aetbn were 
increojed. Hew thie came ibotit it la impowabie lo jsaj?; mere oceMent may have led 
to it, Tlmo tre may idonmo that some relatively «tiiiple asymmetrie mibfltanre waa 
produced by iho fortiiitouB ocruirence of a change ttodef tixiditknw pmrb ea obtaui 
in onr bboratortes and that coiwequontly the ofianlloiflorphouaiMioeric formiiqf v^ml 
oppoeito wrrivity were pcodiirtJd ia equal sttKi'uiiL Wo may rnippc* that a jxiel 
cOntaiTiirg snrb mateTwl bsi^ing been dried tip duet of molciruhir fluonem wiia liis^ 
porsod; such duet biting into other ^Onr poob neaj the cTyTtnlliialicii poiut may 
well havo coadilioiKKl ibo sspmallou of only one of die two ioomeiie fonM present in 
the liquid - A wparotion having b*ea once effected in thu maTiner, itgcmning the mxh. 
fftonco to be one which could hifliieJiceitiowii foTtnAtion, onofonu rather than sho other 
mhtht have bcoti produced. An aedvo fubananre thm genenned and (selected ouL 
zn^it then becoaiD tlie er%in rf a aeries of affj’minetrio aynthews. How ihe complb 
cttted wries of which conFtitulo hfa may have aiMn wo can not even gne* 

at present; hut when we contemplate the inherent rijnplierily of cheinJeal rhjiii^ 
and boar In iniiid ihat life aecimt but to depend on iho flimullincoiia occTirrenco of a 
BCfics (d changed of a somowhiiit diverse order, it does not appair to bo beyond the 
bounds of pcOTbiliiy to aarrivo at a brrmd tindorslaittling of the mothod of life, Nnr 
ajD wo Ukely lo be oiiilccl into thinking that wo ■'an so iirrange tho conditions aa in 
control ord reproduce it^ the nerloa of lucky Brcvlentii which awin to tw rwnlired 
fer Hfrangeuflonts nf mich eemploiJty to be entered iipoa Lt to infinitely great. 

It is pnifTiiisaiblo nowj perhaps, to on ter smno’H^Iiat more at length 
131 io ait oxplauatinit ef the changes conkniipJateii in this passage. 

Growth most certainly pror.eeds on determinort lines—'Mircctire 
influences are tho paramount mfluoncca at work in building up living 
tifflucs^' (Winnipiig atldress). What Prof. Schafer lias not pomir*d 
on\t in con t rusting the growt h of iiiorganie and of animal matter, ia 
that nature now w^orks on very narroiv lines, making uho of but little 
of the wealth of inatcrial primarily at her disposal. Selective influ¬ 
ences must have been at wot k from tlie oarUeat stages of t he evolti- 
lion of life onward* It is in this respbctj perhaps^ moro than any oilier 
that the inorganic differs so greatly from tho organic; ft k tJm cir- 
cumatanco!, too^ mora than any other which makes it so improbable 
that Ufo should arko frequentty de novo from simple materiak not 
themselves tho products of idtal action- 

To give an example, the hexose, glucosfr —& constituenfi of every 
plant and animal—k one of 10 isomorio compounds, all represented 
by tho formulu 

CH^OE). CE{OIT}. rH(Oa:>, Ca(OH)* CH£DHk CfiH. 

Of these 16 compoiindsi 14 have actually been prepared in the labo¬ 
ratory, and they diffej- considerably in properties. Tito difTerences 
are due to tho different thstribution in epuco of tho II and OH groups 
relatively to the carbon atoms. Tho 10 compounds form S pairs, and 
as the individual moinbem of each pair liave the power of rotating 
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polonEcd light in opposite dlrootionfl, thougli to an equal extent, they 
may be said to be half right-hand and half left-hand material, 

Two other hesoao augara iaomerio with glucose occur naturally— 
galactoao and mannose; but the three compoumls ail balong to the 
one seriea luid all may bo said to be right-hand material. 

Besides these tlireo hexoao sugars, plants also contain the ketcisOj 
fruotosoj, which is iaomerio with glucose and differs from it only in 
containing the CX) group as tho eocond instead of as Iho tennina] 
member in the chain of radlelea composing tlic molecule' 

riTi(OHV fHfOH), f’lI(OE>. I’HfOUh CO. (’H,. OE. 


Fructose is cnuvortiblo into glucose, and vico votsa. Natural fniciose 
aud glucose are botli right-band materiul, Natiiro apparently is 
singlo handed aud can make and wear only riglit-hand gloves. 

It is possible to prepare such compounds in the laboratory from 
the Bimplest matcrinlsj starting front carbomo acid—00(OH)j—the 
compound from which the plant derives carbon. By reduction this 
is first converted into form aid ohydo, COH,. Wlien digested with 
weak alkali, thbi aldehyde is in part converted into fmctoaoi the 
fnict-oso that is formed, howover, is not uierely (be form wliich is 
found in plants but a mis turn of this with an equal proportion of 
the left-hand form. Tifhon tho chenust makes gluves, ho usually can 
not liclp making thorn in pairs for both hands. 

Some directive mfluenico is dearly at work in tlio plant^the for- 
nuJdehydo uiuImiuIcs, which it undoubtedly makes uao of ns primary 
building material, in some aray become so arranged that when thov 
interact they give only tho right-hand form of sugar. There is reason 
te think, mornxivor, that the action takes place only in tliis one direo- 
Uon—that the sugar is tho only product. k£y own beliid is that the 
synthesis is effected against a sugar template' just as a brick arch 
is built upon a wooden template curved as the arch is to bo curved, 

A slnulor argument is applicable to tho albuminoid or protein mat- 
tens derived from animal and vegetable materials; in fact, to nearly 
all the natural optically active subsUnces; tJieso aro all formed under 
diiwtivo influences. It is not improbable that, excepting a tew which 
presumably arts products of rotrogriMlo changes, they are all of one 

typo-right-hand materiol-and apparonUy they stand in closo genetic 

c^oniiection. ^ 


Prof. Mindun has difficulty, ho says, in undemtandinff how the 
complex protems could Imvo arisen in nature. But the difficulty in 
Kcountmg for these IS no greater tlmu that involved in accounting 
for the formation of the augam. The chief dilTercnco between the 
t wo of compouiul IS that whereas the sugate are composed of 

hke simple unite, the albumino ids consKt of miliko simplo unite, 
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cilieflv ihfl variuus AmLao-oicicia. The carbohydraUj maj be com- 
piired xvitlr a ho^iao built of bricks alone, the albuminoida with a bouse 
built partly of bricks end partly of atone alaba of variDUs shapes and 
siEPs; the letter form of constrnctbti permite of a greater vaiiety of 
pattern but tho same building operations are involved in tbo uso of 
the two kinds of material; though the constructivo units are differ- 
ont, in both cases, the piocos are placed in position and fixed by means 
of mortar in a similar way, 

Tho directive influences at work and which preside over flyntbctic 
operations in the plant and animal ooU ore undoubtedly t he enzjrocs; 
these apporcntly servo os totnjfiatcs and either proinoto syijthcsis by 
dehydration or tho reverse cliange of Lydrul 3 ^is, according os the 
de^eo of concentration is varied. 

But Imw, it will be asked, oould action have taken place in times 
prior to the oxiuUince of enzymes 1 What aro enzymcH, and bow did 
they arise T 

Tho activity of enrymes is eomparabto with that of acids and 
alkalies, tbo former cspreially, with the cxeeptlon that enzymes act 
selectively; but whereas acids will bydrnlyze every kind of ethereal 
compound and arc active in proportion to their strtuigtli and the 
concentration of tbo solution in which they are opesrative, eiizjTiiea 
will act otdy on particular comptiunde; hence their apccial value aa 
"vital" agents. jViid the sanie distinction ifl to bo made ivith 
pcspcct to the synthetic activity of the two groups of agents. 

At present our knowledge of enzymes is vague; we know liitle of 
their structure. At most wc can assert that they are colloid mate¬ 
rials and that ui sonic way or other they are adaptable l^i the com¬ 
pounds iijjoD w'hich they act. Tho picturo 1 form of an enzyme is 
that of B minute dniplol of jelly to which is attached a protulrerance 
verv closely resembling if not identical with the group to which l.ho 
enzyme can be affixed. A geometer eaterplllar attached by its hind 
legs to a twig, with body raised so as to bring the mouth against a 
leaf on the twig, affords a rough analogy, to my thinking, of the 
aysttm within which, and within which alone, an onzyme is active. 

* In tho beginning of things, carliome acid was doubtless superabun¬ 
dant mid reducing agents were not far to seek; under isuch conditiona 
formaldeUydfl may well have been an abundant natunil product. 
ITie production of fructose sugar, if not of glucose, would be prac¬ 
tical Iv a necessary aequence to that of fortualdebyde. 

But at this early stoge, under natural conditions, gloves were 
ahva 3 ‘a made in pairs, left-hand and right-hand in equal numbers; 
by chauoe, somewhere, something happened by wliich the balance 
was disturlied; some of tho left-hand were destre 3 Tii, perhaps. 

It is well known that if a crystal lie placed in n saturated solution 
of iUf omi substance, the surface molwulca will attract Itko molecules 
isssiW’—aitroi::—iW 
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fmm iho ^otulioii ftiid the t-rystd wii] grow. It is not iinlikcir that 
H substance, tnay exercise attraction oxer molGcaies which ore its own 
proximAte constituents—that glncose, for example, may cxorciso a 
preferential attraction oT-cr molocnlcs of formaklehytiej if sncii be 
the COM, glucoM may itself aerreto influence and promote the forma¬ 
tion of glucoM from formaldehycte. 

Granting such a posstbiiily, if by some accident right-hand mole- 
cuUw preponderaied in a solution in which the conditions were favor- 
ahle to tho synthesis of new nioJectilcs, the mfluenco of pattern would 
prevaiJ and u larger proportion of rtght-JiHJid material would bo 
formed. In coutbc of time tho Jclt-hand matenai would <lio out mid 
only right-lumd mati-rial would be prosent—as in the world to-day. 
Tb(» uigomenl is applicable to compounds gfinerallv. 

Even tho formation of enzymes may Iw accounts! for. fTrider the 
influence of acid or nlkali, eoUuid particles may well have enlcrwl 
into BBsuciation with this or that group. But when once formed 
fortuitously en2ymcs probably would bctaime the models or templates 
upon which now molecules would be formed, much aftiu- the manner 
of tho dressmaker's model upon w-hii h tho dresa bodice is fashioned. 

But it will bo said, ''Grouted even that simple substances can 
bo formed in such ways, surely it is imposaible to account for the 
production of proioplaam.” No doubt, this is diflicult, especially 
as tho thing we are asked to aocouut for can not be deflnod. f am 
tempted bore agaiit to fjuote Epictetus; 

Wheac* thoc ctiiUl wo nuke a bepmun^? If you will conaiitcr Um with luc, I 
ibal] say Gnit lliDt you must atteud to tho acDBu nf vortb. 

So I flo tmt now imd-crvtand theuL? 

You do iiGtr 

T3ow then do I am Lbrnn? 

Aa the unlettered use written wonle or i» auile ua? ■ppewanca; fo, ihc u» u 
one thing and underalandiiig nnothar. But if you Uliiih you uuder«aui1, iJwn take 
my word you wtU rmd lei m try ounelvca wheihi^r wo tindcntaud it, 

Tho word “protoplasm” means so little to moat people, ao tnuch 
to a few. It is the coiiveoiont cloak of an appalling amount of 
ignorance—perhaps the sGlaniific ^uivalent of the “Don't fidgot, 
child,” addresaed to the too inquiring youngster or the biobmcal 
paraphrase of the older chemiat's catalytic action. 

Is protoplasm ono or many thUiga? A medium or a substance. 
In eaiTug “Llvmg substance or protoplasm takes tho form of a 
coUoidd iwluUon In this solution the colloids arc associated with 
crjfstalloids wkch arc idlLer free in Iho solution or attached to the 
molecules of tha cofloids,” Pn>f. Schafer scaroely hdps us to u defi¬ 
nition. Nor are his later auggesiioua much more helpful, Speak- 
mg of the difforenual wplum by which living substance k usuidlv 
aunrounded, he bays, “Thia film Mnes Utc puiposo of an oamoUo 
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membrauep ponoUting of hj diffiisioii betwi*cn the colloid 

solution coii^ititutmg tho protaplafim und iho circwmaiiibii^t me¬ 
dium in which it lives. Other similar fitos or membrsmes occur in 
the interior of protoplftam/* 

Ono thing only is certflin—that protoplasm can not bo a solution 
or imviliiiig approucliiiig to a solution in character; dlverso struc¬ 
ture it must have* structure of iohnito delicacy and complexity. 

Judging from Ida referonce to the simplicity of nuclear niatoriiih 
it would seem that Prof. Schiifer is pr^arod to regard protoplasm 
ns by no means very complex- But it is jnconcaivablo that the 
germ plaam^ carrying within itself as it ajipflrcntly does aU the form- 
wtivo dements of the complete organUni, should bo simple in struc¬ 
ture. It. must contain a complete aeriBs of inteiT.onnected templates 
from wliich growth rail jirocced. I have olaewhere stated that pro- 
top]« 2 sm may be pictured as mado up of a Im^e number of curbj. like 
a judge's wig, ilH in communication through eomo center^ l■CImlected 
hero and there perhaps also by lateral bontU of union. If such a 
point tjf view bo acee]jted| it is possible account for the occur- 
rence, In mm^ sections, of tlie complex interchanges which involve 
w'ork being clona upon the substances there brought into iutcraclioii^ 
tho necessary energy being drawn from some other part of tlio eom-^ 
plex wliero the intcrdinngts involve a developmont of energy. 
(Winnipeg address.) 

My metaphorical wig ns a whole maybe taken m representing the 
racial tyj>e — -the curls os corresponding to sejjarato characters. 

1 can imagine so complex a etnieture being formed by a series of 
fortuitous aeddenta in coume of timo* but taking into account tlio 
extraordinary fixity uf natural types^ so well cxprcc^d in Tennyson^s 
lint?s — 

So careftil of ilie type sbe ecemsp 
S& ciuQlesiR cjf the life, 

it seems to me improbable that a like fierica of accidenla should 
recur. It is on grounds auch aa these that I can not accord my 
sympathy to atatenjentii such as Ur. Bastian has made and that 
1 can not accept tho suggestion put forward by Prof. Schyer that 
life conceivably is arising tie flOfO at tho present day^ let alone tluat 
it is tho easy process suggested so light-heartedly by Prof, ifoore. 
Where aro the matomilsl Can we say that they exist anywhere? 

It is useless for biologjsls to live in a higher empyrear^fc of their own 
and in disregnrd tJie nunuter cictails which chemical study olono cun 
unravel; they will never bo ablo to solve the complex problems of 
life or even to grasp their sigEuCcanco unless they pay mom atten¬ 
tion to tlio w ays in w^Mch building stoni?s aro ^^haped and mortar 
mado iUid in w'Wch odilices uro gradually reared from such materials. 
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I have no deal re to ttike exception to tho getierul trend of Prof. 
Schafer’s addressi but 1 can not help thinking thut ho altogether 
underrates tho complexity of vital ohemii'ol proces^^; while h^cv- 
ing that, os ho «iya, “wo may fairly conclude that all changes in 
living aiibatance are brought about by ordinary chemical and phy¬ 
sical forces” and that “at the beat, riialium e.vplain 3 nothing,”! am 
in no wHy prejiarcd lo undorrato tlie difHciiltics before us in finding 
satisfactory explanations of the ori^n of life. 

1 sue no rraaon to suppoat^ that life may ho Original ing (ie noro at 
the present time nor do I believe that wo shall ever succeed in effeet- 
ing the synthesis of living matter. 

With regard to Pmf. Nfonre’a statement tliat all the actions of the 
cell are concenied with (he liberation of eneigy and its fransfomialioii 
into many fornts^ there k nolhing to show that the forms of eneigv 
that are operative during life are in any way peculiar. Etidgy is 
inherout in mattery apparently its primary form is tlial known to us 
as electrical energy; and inasmuch as Faraday's dictum that chomi- 
eul alhnity and electricity are forms rif the same power is incontro¬ 
vertible, mon'over as electricity in its pnssago tlmmgh matter is 
frittered down into heat, the mechanical effects associated with life 
arc easily accounted for. As to the origin of consciousness ond of 
psychical phenomena generally wo know nothing; at most we can 
assert that we are ctinscious of consemusness. Tho effects f»f con- 
seioiisncss may well bo the outcome of ahnplo mcclianicat rllspluco- 
ments of molecules such as lake place in tho steel tape previously 
referretl to in its passage across a magnetic lield varying in intensity. 
If nen-ons impulses aro conveyed not along c^intinuous tracta but 
througii the agency of mfordigitating fihere, a mere alteration in (he 
lengths of these fibere would Conditit>n a variation of the imjtitisc; 
the l^tual conductivity of a contJniinua filler w^ottld vary abio if 
chemical changes were lo take place within its sulntance. U is cas 3 '' 
to see how chemical changes occurring within a nerve or muscle cell 
would involve an alteratiiia in the osmotic state, which would neces¬ 
sarily ^ followed ljy Uie influ.x or cQiux of water ecconlijig as the 
alieratiem involved an increase or diminution of the number of mole¬ 
cules in polulion. Oscillatory hydraulic changes of this tj-pe nmy 
well Iw at tho bottom of laith nervous and miiscular activity in tho 
ocgaiiiam; in fact, there is every reason to believe that wo are but 
hydntulic vuginns. 

Accordutg to Pmf, ifoorej tlus ooUokl abr>ws thi? propiMtips of dawn- 
ing life; whatever this may mean, 1 underetanil Jmn to say that to 
make it live it is noccs.’^iiTy to get an energy transformer attached 
to it. It is Burprising how little life there is'in those who live how 
elowly Ics3«*ns are learnt. The conflilbns which determine tho 
tranjslormadons of energy were laid down generations ago fay Fora 
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dbyr but are dKix^Brdiul to llw* pMjfitfiit dtty. Tlu?re is little tliat t* 
mysterious alnjut them; nil ilint is required is a proper nrrnjigimeiit 
of parla. To give an examplL', a lump uf xbic in iUlut^il sulphuric 
ttcitl conalituti’S a hiusTj' system brimful of latent energj"-—energy 
Hn*aitiAg tmifflfomirttbti but untronsformable so long as the sj'stein 
remains binaiy. Oti coupling the conjoined metal and acid by means 
of u rolatwely electnjnegftti^e conductor, httwever, uiteructiim at 
once sets in, the metal attacks the arid and the acid the metal and 
eni'ig)' Is set free—primurily as electricity, seeoutlarily os lieat. 
Xollibjg Clin stop the transfonnatlon if the ternary system becoiisU- 
tiiti-d. Apparently no special ene^ troiurformer is required, but 
men>ly a proper orrangenumt of parts. Given the proper arrauigemcnt, 
action is bound to take place, proridnl always that the ayatem be 
one in wliich there is an overplus of energy. 

And hern comes the ruh. In the case of oiganistns, not a few 
changes take place wiiicU can only occur if cneigy lx« supplied. Tlu* 
assimilation of carbon by plants is a case in point. Onlbiaiily this is 
effected through the agency of sutdight; but it is dear tliat in aome 
coses, as in the fermentation of sugar, for exoiuplc, energy set frt'e 
in a change takuig place in one part of a complex molecule may servo 
to make up a deficiency preventing the spontancoiis iHicurrcncc of a 
change of the re verso order in another part of the molecule. It is an 
important oflico of the protoplasmic complex uppan-ntly to "negoti¬ 
ate” such exchange or transference of cdeigy'. 

With reference to Dr, Haldane's statement that wc con not express 
the obaerved facts by moons of physical and chemical conceptions but 
must have recourse to the conception of organic unity, I am at a lass 
in the first place to understand wUat this conception is, if it be in¬ 
consistent witli clicmical coneapiions. I am afraid the vague hi- 
determinate phases of the philosopher make littlo appeal to the hard 
heart of the fact worahippcp. My position is that while we do not, 
attempt to account for that wo do not vtndoretand or cmi nqt express 
clearly, all that wo du undetstand b well within our compass to c.\- 
plain; moreover that our power of underatandiug is gn>wing every day, 

1 do not sec how Prof. Schdfer and those of us who me with him 
Can bo said to have ignored the actual fact of the maintenanca in 
‘■organic unity” of the numerous physical and ohemicol processes 
which wo con liistinguish within the living body. It is far from 
being the fact that “The more detailed and exact our knowledge 
has become of the marvelous intricacies of structuro and function 
within tho living body tiio more difficult or rather the mote com¬ 
pletely imposaiblo has any physico-chemical theory of nutrition and 
reproduction become.” Or that “the difficulty stands out in iu 
fullest prominence in connection with the phoaomioua of reproduc¬ 
tion end heredity.” 
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To make my idGftning clfiar, Jet mo fje buck U> my wig, A^iimiiig 
tho primordiiii wig to have como into existence through a sorioa of 
lucky, fortuitoiia accidentSj assiE^ted by ccrtaui peculiarities inhoreat 
in the pnmaiy mateiial and favored by the special conditions of the 
enviroDment—wigs have et^'cr since been made much on tlie pattern 
of the first wig though variations have taken place from time to time. 

Each new wig is constructed on top of an old wig and when a now 
wig is ready, “division” takes place anil tlio new vrig is removed to 
a new "cell” together w'itlv a supply of tools and materials rec|uired 
for wig making. According to the material available, while tho gen¬ 
eral pattern is maintained intact, vanations may be inteorluced into 
individual curls. Bub two kinds of wigs arc to be thought of, simple 
wig&—male and female—anc] compound wigs, the latter being ntade 
by superi«>«ing two simple wigs after such alterations have beeo 
made in each as to permit of their snporposition; obviously, when 
the compoiLn<I wigs are separifted and worn os atm pie wigs, tlie now 
simple wigs differ somewhat from the old though thov are vei^'' like 
tiiam ill genera] character ; also it will bo clear that fdl sorts of a>m- 
bmations of simple wigs may bo made. 

Obviously my mctaphorioul wiga correspond to nuclei and the 
tools and materials used In making them to tlie cyto|}tesmic etfv 
ments—assuming that the tmcleuB is the formativo clement of the 
cell. Having thus put 'ndgs on the green, 1 trust that I have mot the 
challenge givctt by Dr. Holdaim and that it will bo obvious that evea 
the problems of reproduction and heredity, if not those of immunity, 
may be dealt with from some such point of view as that I have ven¬ 
tured to state. 

Tlie asseriioa has been made’ recently that the scientific world 
“is beguming on all sides to admit the necessity for postulating th® 
cooperation of some ‘outside* factor. Lodge in England, Beigson 
in France, and Dritssek in Oermany are the most conspicuous ajxiistles 
of tlie new movement.” 

Tliirt is but one of tiie many such statements made of late. An 
apostle after all is but n messenger and llie ebarseter of a message 
depends a good deal on tho instruction the messenger has received, 
though imagination may contribute a good deal to its ultimate adorn¬ 
ment. Tho messages delivcml to tho public on auch a subject are 
apt to bo somewhot imaginan^ It is dear that they can not bo even 
an approximation to truth, when no notico is taken by tiiose who 
convey them of the resid ta achieved by (Jjo toiling workem in the 
distant adits of the mine of science, Plidosophera must go to school 
and study in tli© purlieus of experimental science, if they desire to 
speak with authority on these matters. 


H-faTOlUttrt," l,, L«J nsSjltttB. 





TUli OR] til K 01' UJ'E—ARMSTtUMO. 


539 


Here Rgoin I am snrvi’d by the oU Gret'ft eynic, ‘'The boginning nf 
pltilosophyj at Jeast with those who lajr hold of it as they ought, is 
tho cona^oiistu^s of thoie own feebleness and incapacity in vespect of 
necessary thjnga-^' Such sayings niaka tis wonder at tho luck of 
iipprcciation displayed by the sage of Chelsea in making Sartof say, 
"The 'Enchiridion of Epictetus' I had ever with me, of ton aa my 
sole cannpatuon« and regret to mcntJoii that the nourishmeiit it 
yielded was trifling.” But he too was a philoaopber. 

After telling us that the cell is now defined os a vital unit con¬ 
sisting of an'individual moss of tlio living substance protoplasm 
contuhung at least one nudeua; and that tho protoplasm of an ordi¬ 
nary cell is differentiated into two diftinct compononte—the cyto¬ 
plasm or bodyplasiit and the nudeua Prof. Minebut raises the Cjues- 
tion whether the cytoplasm or tho nucleus is to be regarded ss the 
more primitive. Ho can not conceive, he says, that tlie earliest 
living creature could have come into exlstonco as a romplox cell, 
with nucleus and cytoplasm distinct and separate; ami he is forced 
to believe that a condition in which a living body consisted only of 
one form or type of living matter preceded tJiat in which ttfe bofly 
consiated of two or more structural components. 

The issue thus raised is an imprtant one. Regarding the edl 
as the vital unit, ns "tlie simplcfit protoplasmic organ wtiich is 
capable of living alone,” in other words, capable of growing and of 
reproducing itself, tho question I vcnttirs to put is whether life did 
not begin onlv when tho cell was first constituted, whether the 
materials formed prior to tWs period, however complex, were not lOl 
incoordinatccl and therefore inanimate. 

Tlio term "cell” unfortunately has liad somewhat different meanings 
attached to )t. At first, as Prof, Jlinchin tolls us, oidy the limiting 
membrane or cell wall was thought of, the fluid, or viscous contents 
being regarded as of secondaiy importance; tho primary moaning, 
in fact, was tiiat of a little bos or capsule. It then became apparent 
that tho fluid contents were tho essential li^-ing part, the cell wall 
merely an adaptive product of the contained living sii hat ante or 
protoplasm. Consequently the ccU was defineif as a small mn^ or 
corpuscle of the living substance, wMch might either surround itself 
with a cell wail or rcmaiQ naked and without auy protective envelope. 
Further advance involved the recognition of a nucleus as an esaential 
component of the cdl. 

I can not tlunk of a naked mass of protoplasm, call it chromatin 
(stainable substance) or what you will, playing the part of an organism; 
at most I imagine it would function as yeast rymaae functions. 

If it is to grow and be reproduced, the nudear material must bo 
shut up along with the appropriate food materials and such con- 
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struct!VO Appliances tus axo n.'qmrttl to bring nbout ttie HSBDciatiotl of 
llio VAiiotja olBinenlA eiitering iuto tlio Btnjctiiro of tlio orgAniaii), 
Tiio indosuro of Uio naked protoplasmic mass \i‘i(hin ii differential 
lifiptum (cdl woUj tbrougli wjucli only the aimjjor food raateriala 
could gain an entry soems to me, tltcrefore, a necussnry act in the 
evDlution of life. Ptom tills point of view, it uiattera BtHe wliich 
camo first—cliromatin or cytoplasm. 

The ttigument put forward by Mr. £ccj^ in supfKirt of tiie con- 
tetition that nuclear material is llio more primitive, based on the 
preponderance of the open diuln deHvative arginine in ilie nucleus 
aud of benzenoid derivatives, sueb tts tyrosine in Uie cytoplasm, can 
not be ri^arded as valid. The difference lietwecn open and dosed 
cluiiti compounds is not such that chenusts can regard one as more 
primilivo tban the other, «.xccpt it be tliat the open is the first to 
receive attention in the taxtbooka; and aiginlne, if not the nicjst, is 
one of the most complex products hithertu separated front tilbuniinoid 
materials, far more so tban lyroatne: 

. CEj. Cilr CH,. CB:{NS.5. rOOH. 

Tyiaetao HO. C,E,, CH,. COOH. 

AipnJne probably owes, its value as a nuclear material to the many 
points of uitacbment its nitrogen atoms offer—in other words, to its 
complexity. 

Prof. Minrhin would restrict the term "cel!" to oiganisma in which 
the protoplasm is rlifferentiated into cytoplasm and nucleus definitely 
markeil off from one another and would therofore deny the term "ccU'' 
to bacteria and their allies. But bacteria apparently consist of 
materials differing but little in complexity from those met with in 
liigber organisms and they contain a variety of enzymes. Tliosepji- 
ration of the nucleus within a S{>ccin.l differentialscptuni would appear 
merely to mark it off as a separate factory within whicli special 
operationa can bo carried on apart from those effected in tlie cyto- 
(duBiu; the extruaion of nudeoU from the nucleus during the vege¬ 
tative stage is particularly aignificant from tlus point of view, 
especially ns the nudeoli within and without the nucleus stain dif¬ 
ferently.* Tlie differentiation of the nucleus, therefore, may be 
merely a mark of a luglier stage of organization, hut to make the 
distinction auggeated between bneteria and other forma appeara to 
in* to be imjustifiuble. 

From the po'mt of view I am ailvocating, everj- otganiam must 
poshii^s sr>me kind of nucleus—visible or invisible; some fomiativo 
center orounil which tbs varinua templates aaaemblo that are active 
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in directing tho gitiwtli of Hie oigwiiam. The cell, in other words, 
£8 the unit fftCtoiT and its definition should bo made independent of 
microscopic (ippearonces. 

To conclude: .411 speculation as to tha origin of Ufa niual savor 
of the acadeiiiie; it can have no very definite outcome unl^ it bo 
verified experiment aUy, and at present it seems improbaWe that 
such verification will be possible. But speculation is none the h'ss 
legilimatfi and desirable on account of the fundamental issues to 

be coD^iderod. , „ , _ _ 

In iliscdsaing the proUems of licredity, in dealing with disease, wa 
are groping in tlie dark so long as we are ignorant of the precise 
nature of the 'lital processes and of the minute detaila of organic 
struoturei no effort sliould bo spared, therefore, to unmvd thi*se. 
The results of modem cvtological inquiry are verj* umrvabus but 
unsatbifuciorv. Wa need to know far more of living matenid, 
eapodfdlv in the vegetativo stage; the chamkt hue tUffic^ty m 
(Mt;eptUig the fintlinge of tho morplmlogist at tlieir face value; he 
can not avoid the feeling that not ii few of tha “siructurea dt«:nl^ 
may bo artefacts bearing but a distant rcsaniblanee to the living 
forms, as structure is uausilly brought into evidence by staining and 
this con not lake place until the differential sejHa of ccUs aro Ijroken 
down anti renderoti permeable; so that the staining and fixing proc^ 
is one that must he attended with chemical changes, among which 
coagulation effects are to bo reckoned. But tho appearances m 
many cases are too ilcfimtc, too vvoiiderfuli to be mere njtefactii. ^ 
T^IibL is now needotl is tho combination of tha eyes of tho cytologiat 
with thoso of tlio chemist and with thoaa of the physiologist, the 
collaboration of iho student of eitemal atructure, and tha student 
of function. Continued specialisation can only carry us farther away 
from the goal wo aro all striving for, though vaguely, becuusa we Ua vo 
no aottled combined Bchfimo of action* 
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TfIK APPEARANCE OP LIFE ON WORLDS AND THE 
HYPOTHESIS OF ARRHENIUS.' 


UyALFnoW^B BESIOiTt 
Profemr nl tht Park hiMttutf 0/ 

The problem of ctiiimogiHiy is om of thoeo Lhat hm most disturbed 
thii mind of man. No queation, indeedj is more peiidexiag than that 
of finding out vhence comes the earth, wlionco comes the sun a^ut 
which it gravitates wiUi its sister planets, toward what goal is it 
ciurled bjr t-bat. slow evolution that it unJorgoea* 

To this question Laplaco was the first to give a scientific jmawer. 
Starting from the results of tho observation of the nebultt, iliifereDt 
furtns of which we can observe in the sky at differont stages of their 
history, ho formulated, by a true flivsh of geniue, that womlerful 
theory tliat Itearw hi* name. According to liis concoptlcm, an mean- 
descent nehula, mdiadng its heat graduoliy toward cold space, would 
contract as it cooled; these soiocoaaive contractions would by degroog 
have aggloiueratcfl the constituent matter of the nebula into a 
“tiucious,’' at tiret gaseous, then igneous fluid, tio sun. In propo> 
tion as the dimensions of this revolving oucloua—the total mass of 
which remained the sajoe—was duuiiuahing, its momentum of 
inertia was also cihuinishiog, its velocity of rotatlou was inci'caaing, 
and consequently the centrifugal foreo was increasing at the same 
time. A depressio-n was formed on the still plastic nucleus near tlie 
iLxhi of rotation; tho equator expanded and gradually a ring was 
dcUchcd from it, which on breaking gave birth to a new planet, by 
tho condensing of tins matter of which it was formed. This planet 
bc<»an to rovoivc sruund the nucleus and on itaolf, in tlio same 
diction as that of tho roUry motion of the d-ntral nucleus. Thus 
must tho earth have been born, thus must have been bora tho other 
planets, fragments detached from the central sun, and necessarily 
coutaioing tho same chemical elements. 

When Laplace advanced this hypothesis, certain astronomies facte 
that are known to-day were yot unknown, notably the inverao 
rotation of the satellites of distant planets. Nothing was ^own of 
the existenco of new forces that modern physics has just discovered 

I TmiiSaied tr peimWi* fr™ lllolseli^ al rww. Ka, U, Jiltiwy 14,1*y. 
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in iUk coursa of tho ittnt few yenry. Pertmjwj it is forUinutt' thiiti ihe 
fiimoua itoitroaninor (lid not know tUi’so "now fucta.*' They would 
have destroyed thn tinity of the aystem of the universe ns he snw it, 
and the complication introduced by insioncos of ('jtception would 
doubtlt'ss have prevented him from formultttmg his hypoLhesia, bjo 
grand in its unaffected simplicity. 

To^tiy wo know that the Laplace theory must be modified in 
some points. As a whole, liowevcr, it is still in force; it b a citadel 
which in spite of everything reaiats all assaults, as H, Pomcar6 has so 
well said. It is emough, therefore, to rwoncUe it witli the neiv con- 
quests of science; that is what the illustrious ]»hysicist of Stockholm, 
Prof. Svante Arrhfetiiua, has done. 

Iho SwedLih scietiibt introduced into the theory of the evolution 
of worlds u &>cond force as noccssar}* to consider as universal gnivi- 
Ution, lhai is, the prestrjwe of radiaiwn, the conception of which is 
due to J. Clerk-ilaxwell, and the reality of which has heen denion- 
strateii by the experiments of Lebwletf. Tliia pressrare b CExertcd 
upon evei'v surface ex|iosed to a radiation by the very actiun of this 
rajlintJon; it is ^'quivaJent, in the inunediate neighliorhood of the 
90mr Burfiico^ to mrurly 2 millignana a tiara 

As the dimensions of a very amall s]jhendo of matter doeivase, the 
importance of the surface in coinparLSfjn with the mass increases at 
the same tune. Now the attraction of gravitation h dependant on 
the ni^s, while the pressure of radiation is dependent nn the extent 
of surface, Ono c^ readily concseivo, therefore, that in the case of 
particles the pressure of radiation may exceed iha 
in the case of iioQti'anaparent»t)iierulcs 
tbo 0.0015 of a millimeter in diameter the two forces are in equililH 
num; and if the diameter of the particle' falls below this amount, the 
r^elluig force is the stronger and the particle fa driven away from 
the radiating body. On tiny particles wbmo diameter would amount 
to os little os the 0.00016 of a millimeter, theprossureof radiafion would 
be ten tmes as gnuit os the attracting force. Thm dimensions are 
realized in the spores of bacteria. The smaU mass of those mkro- 
ficopic granules mcreaees the importance of their surface, and the 
rt'sistonco of the air has such force over them that this tiny mass 
droppi-d into the air would not faU a hiiadrwi nu'tora in a year Tho 
^htoat wmd carrioa them off into tho atmosphere and may take 
to Ih. l™i« of Xr. IK. 

the air w not more than a veiy sraidl fractiei, of a miUuneter of mer^ 
cury: that is, to an altitude of lOO kilometers 
It fa tliis pressure of radiation that ArrhMus has given a pfaca in 
die formation of worlds. It drivoa away from tho stais the Jins 
"cosmic dust'^ which the constant eruptions of timno incandescent 
staw throw out every moment; especiollv, it fa tills dust which cou 
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stituLes ifcus cojfouftl «tm(i8phcre nf the aun. These expelled particles 
Ijeor » negative elec trie id charge. They arc going to come in coatact 
witli tlioso cold, gnsflous masses of rarified moiccules, contdning 
helium and hydrogen, called "nebuho.” These nebulas contain a 
ver>- amuU number of molecules; Iieuce their low temperature. Wlicn 
tlie electrically chafed particles reach tltem, tlic fomicr make the 
pcriphciy luminous, and then these nebuhe ore viajble to observers 
on the eortli; the duat which w agglomerated into meteorites, Imw- 
becomes centers of condensation for these nebiilm. l-#et a dark 
bodvp sue It as tlie moon is to-day, stich as the eun will he later, 
haj/pen to ijunetratc into such surrounclings in the course of its 
peregrinations hist log tnyriatfe of centuries, it will Income still more 
easily a center alHUit wtiich nebulous matter would accuniulato wliilo 
it l»w 5 omes heated; the micleua becomes iiKandescent, a sun will be 
la*ni. Finally, let tw'o dark suns collirie in ibo infinity of space and 
time; the violenco of tiic shock is enough to volatilize their inntier; 
the breaking of tlicir envdopos would rcleaac tlie igneous matter so 
long imprisoned hciioath their cooled crusl.s; like two gigantic dtells 
tliey “explode” and the endolliermic comi»onciiis tiiat their centere 
C 4 >ntaiu, held iimicr enormous pressures, set free masees of gaa that 
escapo in spiral spirts. Then the stages of which Laplace conceived 
can begin to follow ooch other, generating planets; one or two " nuclei" 
exist in the midst of the nebulous spheres surrounding them; we have 
watched the re@urreeuon of a world. Tltc.He collisions arc not idle 
hvputheecs, we witness tliern in the heavens each time that a new 
star appears, like tlie "nova Persei," for example; we have seen a 
world born, lujt reborn from a dead world. It is a perpetual cycle 
that recemmenccs in titis manner, a cycle Iho mcclianism of wiuch 
has been pniuted out for tlie Grst time by tiie l>iilliant genius of 
Arrhenius. 

Such is, too briefly summarized, the SwedLsh phmcist'a principle 
of tiie theory of cosmogony. But he lias not been content a-ith 
explaining Uio evolution of "cosmic" matter. He has asked him» 
self—and it is this that will Interest the reader of Bielogica more 
pjipeciaUv—how life could appear on a world thus created; he has 
trierl to find out whether living germs, having left a world wficro they 
found tlteir conditions of existence realized, can endure the lung 
journey tlirough intersidereal space and bring to another world the 
germ of life which is in Uicmselvea, liecoming the starting point of a 
series of living beings brought slowly, by an evolution paraUd to 
Qiat of the planet that sustains them, to gradually increasing degrees 
of perfection; in a word, to "Iijghor" states. 

Svante Arrhenius answers llila question by tJie elegant, ori^al, 
and seduedvo form that he Itas known how to ^ve to the doctrine 
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of Panspermy, adapting it to tie moat recent advanceroent of 
modem phyaica. 

TUo doctrine of Panapermy is not newj Richter was the firet to 
advance it, about !8G5> Later it received the distinguished support 
of the mustriom English pLj-sicbt. Ix>rd Kelvin, and m Gennatiy 
Tielmludtz lent it the aid of liis great author!tv. 

In its first form, this doctrine assumed that meteoritca, fragments 
resulting from tho coULsioii between two dark bodies of die Iieavcns, 
come m contact with a sun and bring there germs that the explnsion 
has not Itail time (o destroy, aa, when one blows tip n quam* with 
dynanute, certain pieces of rock may roll to t!io bottom of the moun¬ 
tain, remaining covered with vegetation, with firing genus tluit 
liu^ c.atayed intact, ttndor these conditions meteorites could admit 
of organic **mclusiona,** which could cntTv life to celestial bodies vet 
devoid of it. * ^ 

Hon-ever, exammatloo of this hypothesis in this very simple form 
raises objections, the principal of winch is the stupendous tempera^ 
lure to wliich the germs would be immediatoly subjected. Merely 
the sudden stopping of the earth in its motion, even without tlie 
Intervention of a collisioti, would suffice to volatilufe its matter aa a 
result of the quantity of heat liberated: if, in addition, tlxcre should 
be n collision of two eelcHtial ma-saes, with the libEration of the 
igneous matter composing their leapeclive nuclei, it is almost certain 
that not a living organism would escape this thermic manifestation, 
which would reduce them to their gaseous elements. It is, then, very 
difficult to admit of the conveyance of gcmis by meteorites couadored 
os " fragments" from a celDstlal cataclysm, 

jVrrli^nins has completely modilie<J the hjTiotlireis of Panspermy 
hy adaptitigji to the demands and achievements of mndeni pluTfiics. 
lie has conaidered the possibility of (he conveyance of germs theni- 
scKes, independently of all mineral aid, and tliis by liringing into 
play the pressure of radiation” of wliicii we have spoken in the 
bi^nniiig of tliis article, wlicn we explained in bread outline the 
cosmogonic hypotlieaia of tlie Swedish plijffiiciat. 

AVo huTo said that by direct measurement the prtBsure of radiation 
on B spherule the 0.00016 of o millimefer in diameter (or 0.15 of n 
micren) might bo 10 timre as atreng as the attractive force rreulting 
from umveratti gravitation. Xow geims of these retluceil dimensioiB 
do exist. Botanists know tot a certainty that the spores of manv 
{.actena have a diameter of 0.3 to 0.2 of a micron, and that bevon'd 
donbt liicre exist some even much smaller: the progress of the ultra 
microscopo is beginning to enable ns to see th(sc germs of the order 
of ono-Jotith i>f a in size. 

us mlttgine such a microorganism swe|it off the surface of the 
earth hy n current of air thm corrice it as far aa the higher of moapherc, 
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8«V to the altitude of approximately a hundred kilomelera. When 
it hag reachctl that point it b Hybjected to another category of forces 
auaceptible of actirig omit; these are forces of an dectricnl kinii. 

It is, indued, at about that altitude that radiatioiM produce polar 
auroras. Th«ie aun'^ras are caused by the arrival into the atmos¬ 
phere of tio earth of coamic dust coming from the eun and driven 
from it by the pressure of radiation. Ttda dust b charged negatively, 
and its dischnrgo makes Ituninous the repon of the atmosphere in 
■which it is. Under these conditions, if ft spore coming from the 
earth’s surface is abt*' negatively charged by contact ndth the elec¬ 
trically charged dust, it may be rimpelled by the latter, winch. Mli 
drive it towftrd mtcraideral space oa a result of the electrostatic repul¬ 
sion of two t'hnigcii of the same Bign, Calculation sho'ws that an 
electrical field of 200 voila a meter is enough tn produce on a spherule 
tiip 0.10 of a micron in diameter a repulsion greater than gravitation; 
now, the field usually observed in the atmospheric air b greater. 
Electrostatic repulsion of germs that have reached the Idghcr atmos¬ 
phere is, then, not only qualitatively, but even quantitatively possible. 

We have otir germ, then, started on its intereidernl journey. L-et 
us put aside for a time the conditions of esisteniio and destruction 
that it may eueountcr among the stars, circumstances that wc shall 
study in a moment, Wo are going to find out first of all iho condi¬ 
tions of til I It of such ft journey, efree,ted under the influence of the 
presauro of radiation which acts on the germ as soon as it is at a suffi¬ 
cient distance from the earth. On its way It ■will bo caught, in the 
neighliorhood of a celegtial body, by some larger particle of the order 
i)f sise of a micron, which forms ft portion of that dust scattered 
profusely around the solar syatems. Once earned away by thia 
particle, which, because of its greater size, is more subject to the 
action of attraction than to that of the repelling force, it can then 
penetrate into the atmosphere of the planets that it w-ill happen to 
cDcounter. 

If wo aaauiiie that tins traveling germ baa a density equal to that 
of wuitcr, ‘which is obviously accurate for living germs, we find that 
it w*Ul newl nearly 20 days for it tii reach the planet Mors, 80 to roach 
Jupiter, 15 months to get to the distant phmet of Neptune, Titese 
ftre onlv plonets fomiing part of our o'wn stdar system. If we try 
t<i find tho time necessary for this germ to reach ths soliir system 
ufinrest to ours, that is, tho system whose centra! sun is the star a of 
the ooustoUatiou of the Centaur, we will find the duration of the 
journey to be approjdmatoly P,000 years. 

How will our germ, living at the time of its departuru, act in tho 
course of this long jonmey f 

Interstellar space has a very low lemperatnro; it is near I he 
abtoltUf str0 of tho physicists, which b 273“ C. below the IcmperEiturB 
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of mdiing icG. AnihStiius estimates tlic temperature of oebular 
space at —320“ {53“ absolute}, taking pLyaical obBcrrations aa a 
basis. The genu tJiut ia IniveUng across ibis space under the impulse 
of the pressure of Tadiatiun muBt, then, cnilurc fur montha, J'rars, or 
cTen centuries, a tempera tore of 220® C. below zen'>; what is going 
to be the result from the Tiewpoint of ita vitality, and more timn 
ail, fronii the point of view of its gertninative power I 

ifodora physicists and pliyaioiogkta answer this question victo- 
rioiLsly, In the laboratory of the Jenner Institute ui lAuidon, sci¬ 
entists have quite recently mot with STiccesa in keeping in liquiil 
oxygon for 20 hours, at a tompenituro of 350' C. below ?,en>, arwuts cjf 
bacteria whicli have completely retained their germinative jwwt^r 
after tbU severe test. Anti Prof, iJacFaydor lias kept living gemm 
for more eue jiionlhs at 200' C, below /ore, not only without Llioir 
germinative power Iji4%'ing lioen deatroyetl, but even without its liav* 
ing Leon injured iu the slightest degree. 

Svante AirlifiniuH points out that this luTserTHtion nf gerrainative 
power at very low temperatures is tire most natural thing possible. 
Thb power, indeed, ought to disappear only under the influence of 
some rhemicai reaction, end it is known tliat theso roactiona take 
place more and more sdowly as the temjjoraturo of Iho medium is 
lowered. At tho tcmjierature of interstellar space, reactions of life 
ought to be pixxlueod by on activity a thousand million times weaker 
than at a temperature of 10' C., and at a temjjorature of 330“ C. 
below jEoro the power of germination woidd not diminish more during 
3,000,000 yearn than it diminUhisi in a day at tho temperature with 
wliich we are familiar, 10' C. below jtero.* All fear in regard to the 
prolanged actioii of cold is tlierefore removed—it u, then, without 
injurious effect on the germinalive faculty of spores. 

Time, acting alone, aeoms equally liurniless. Have not bacteria 
been found, in fact, in a Homan vault, which have ecrtainly remained 
untouched for 1,800 years and which, nevorthcloss, wore perfectly 
capable of germination after this long interval? 

As to the influence of tbo absolute aridity of interstellar apace, tm 
agency that is added to that of cold and tiiat of time, neither dnia 
thk appear to be dangerous to our germ of life. Schraeiior lias shown 
that a green alga, PleuTueoccua, can live tlirea montiis in a medium 
that has been eomplctdy dosiccaHwi by sulphuric acid. Prof. Ma- 

< j uonne, of the French Ins titu to, has gone still fu rther. I le has liemon^ 

slrated, witli Mperiment and ohaervation at hand, that aeeila can 
Klay Bevend yearn in a Crookes tuba—that is, in almost complete 
vacuum, without losuig lltelr germinative power, and Paul Becqnerel 

lAfThtkiltu. Tl» of {Borrig tnmdltmoa), p, a®, 




UFE ON W0BLO5—BEEfiET. 


549 


has observed idcnlical reaulte on the sporee of Mucoiacoas and of 
boctcris^ 

Paul Becquerel has camMl his exiierimonta still further. In the 
Leyden laboratory be has subjected bacteria and spores for three 
V'ecks to the combined iniluenoe of vacuum, cold (—^253“ C.), and 
absolute aridity. Their vitality remained perfect. 

The “circumambient conditions'* of interahlereal space ate tberefore 
not hostile to the vitality of a germ that would travel there, even for 
a very extensive period. 

Another objootion, however, has been made to the theory of 
ArrMiiios, one that is, at least at first glance, mere scrious—thia is 
tbo deadly effect of ultra-violot radiations on living germs. 

It is known, in fact, that this action exists. It even c:toIs so cia> 
tainly that drinking water is beginnmg to be sterilksd bulustruUy 
bv utilizing the niicrobicide action of ultra-violet raya. Now, those 
rays, absorbed in groat part by the atmosphere of the planets, travel 
fr^y through inU-rsteUar apace. Will they not “kill” our woiuleiv 
ing germa in the coursa of their journey from one world to another 
and destroy forever their germinativc power? 

Paul Becquerarsexperimonta seem to support ihk possibility of the 
death of germs tJirough the action of ultra-violet rays. Tliw inves¬ 
tigator has placed dry spores bi vacuum tubes, doaeil by a sheet of 
qitarU tliat allowed the passage of ultra-violet rays with which the 
germs under observation were illuminatetl. At the end of aix hours 
the most rtsistanl spores aim killed. The journey of a living germ 
in a spare freely illuminated by ultra-violet light would therefore ho 
full of dangers for tho life of this germ, which would bo expoeet! to a 
quick death. 

But to lliGso experiments, carried out with a care and a skill that 
make the result indisputablo, there are some opp<»iiig argumcnis. 

Firat of all, it must be noted that the death of the germ is not 
indantaneoan; several hours were neetlcd to destroy it, even under 
tho action of a powerful light brought into immediate proximity- with 
tho microorganism subjected to its effects. Now, the 'irtfeneifjf of 
radiations varies in inveise ratio with the squares of the distances. 
Therefore at the distance of the orbit of Neptuno, solar radiation is 
nearly a thousand times weaker than at the distance of tho earth 
from the radiating body, and at half the distance of the star a of 
the Centaur, this radiation would bo twenty tbousand million times 
weaker. A man resists the heat of a fumaco before which he stands, 
when be would die if ho were thrust into the fire. 

The w'ork of Dr, Koux seems to have showm that it is an oxydizing 
action due to tbo cODStitution of the atmospheric medium that 
causes tho deadly effect of the li|^t on the germ, for tho illustrious 
ssseo*—a>t i&j?—3« 
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scicDtist baii msdo a series of x^earchesio thei coureo of wliivli spores 
in a vacuum have reatsted/or stveral m^idhs the Uluniinatioii of a very 
strong fioJar light which, bad they been in tho air, wotdd undoubt¬ 
edly have killed them. 

So One can concoive that a hx*ttig genn, wandering through space 
and coming from a Ijwly on which life has already been manifested, 
can travel for a long titne, meanwhile escaping causes of destrueiion 
that fiurround it, and arrive on a world still tiovoid of life, where 
conditions of temperature are such that life begins to become ihh- 
aible there. 

It is enough that among the thousand milltons of thousand mil¬ 
lions of gmns sent oU into the infitiite by tho pressuro of rudialion, 
a oat shall reach a planet that has been without life up to 

that time, in order to become thero llio jtoint of deparLurv of mani¬ 
fold organisms tliat wiU slowly evolvo from it. Tho mingten «58 of 
such a genu tnederates ita fall through tlio atmosphere nf this planet 
enough so lliat it does not become heated as a result of its friction 
in the atmosphere to tt temperature suiBciimt to kill it. Having 
entered tlie atmosphere of tho new planet, it will follow its eddies 
and currents, it will fall on a substratum, either solid or liquid, wliicJi 
will offer it the ‘‘optima''’ conditions of dovdopiuent, life will be 
bom on tho surface of a world lifeless tiU that time. "And, even if 
there should elapse millions of years between the moment when a 
planet is susceptible of canyiog life and the tnoment when a germ first 
falls upon it and develops there in order to take possession of it 
for organic life, that U very little in comparison with the extent of 
time during which this liJe will be able to exist tliero in complete 
development. "* 

And so, according to this magnificent conception of the Swedish 
physicist, life con be carried from one planet to another. Germs 
swept away by ascending air currants which canj' tliem lo the lim¬ 
its 01 the atmosphere are repeliori by the elecUtcally cliatged dust 
that has penetrated there, coming from suns that have driven it away 
hy the ropellmg pressure of their nulintion. After they have arrived 
in spafro they attach tliemsuiveia to some straying grains of dust of 
greater dimenstons than theirs and copHcquenf ly capable of obeying 
the attraction oi a noighbormg planet rather than the spelling foree 
of radiation; they then peneirata into tho atmosphere of this new 
planet and bring life to it. if life boa not yat developed there. 

And in that case one is forced to the conclusion that if all beings 
that live on a certain planet ^ derived from one initial germ, they 
have been able to reproduce in their almost infinite variety only by 
the evolution of forms that can have come from this original germ 
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Foimed of ecUs €ompo»0(] of direct rombinatioiis of carboOt bydro- 
gon, and nitrogen, they have in tbain»cl'r(e a neceaaaiy analogy to 
tboir coDslUnent matter. 

The demonta tbat constitute ttis matter nte Uioae of the traveling 
gorms, and the latter may fall either on one planet or another; there 
must, therefore, also bo aomo analog)’ between the bemga living on 
the planets of a solar syaUun and those living on the earth, with atiU 
more reason if they inliabit planets tliat revolve around the same 
auD. And ao the najveto tiooms chili ILth that makes people conceive 
of the ‘^Martians" as strange creaturee posseasing the unknown 
funct ions of the animals of the earth. 

Another conclusion is also forced upon us: **Life b an eternal 
rebeginnmg'*; and thb conclusion of Arrh^us in what concerns the 
world of life b the same ns that indicated by hb theory of the uni- 
verac, namdy, that new celestial bodies aro bom from the collbion of 
two dark suns. It b the eternal cycle of wliich the "riiig*' b the 
symbol. 




THE EVOLITTIOX OF 


By Ph)f. a. KliJor Skith, M. A-, M. D,, Ck. M., F. R. S. 


THE SCOPE OP EVOLUTION. 

Id q r«c«iit address Lord llorley referred to "evolution” ns "the 
mcKst overworked word in all the language of the dayi” nevertUe* 
less, ho was constrained to admit that, even when discussing such a 
ihetno as history and modem politics, "wo can not do without it." 
But to ua in this section, concemetl as "wo ato with the problems of 
man’s nature and the gradual cmergianco of human structure, ciia- 
tonis, and institutions, the facta of evolution form the very fabric 
the threads of which wo are endeavoring to disentangle; and in such 
studies ideas of evolution hnd more obvious coepressbn than most 
of US can det€w;t in modem politics. In such circumstances we are 
pwiiliarly liable to the risk of "overworking" not only the word 
“evolution,” but also the application of the idea of evolution to the 
material of our investigatlona. 

5 fy predecessor in the office of prosidont of this section last year 
uttered a protest against the tendency, to which British anthropolo¬ 
gists of the present generation seem to be peculiarly prone, to read 
evolutionary ideas into many ovonts in man’s history and the spread 
of his knowledge and culture in which careful investigation can 
detect nr> indubitable trace of any such Influences having been at 
work. 

i need offer no apology for repeating and emphasizing some of the 
points brought forward in Dr. Rivera’s deeply instructive address; 
for his lucid end convincing account of the circumstances that had 
compelled him to change bis attitude toward the main problems of 
the historv of human society in Melanesia first brought home to me 
the fact, w-hich I had not clearly realized until then, that in my own 
experience, working in a very different domain of anthropology on 
the opposite side of the world, I bad passed through phases precisely 
analogous to those deiscribed so graphically by Dr. Rivers. He told 

^ AddjM b«bc« tjiB AiiLXDvpolciik^ B^Iod fit tb# Ptl£iji]t« maAtiiig at tbv Hiftbib AiitodEiP 
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m that ii} liis Srst attempts to Imcn oul “the evolutioti of ciLstom 
and institution" ho started from the uasumption tliut “where simi- 
brities are found in difTerent parts of the world they are duo to indo- 
pendent origin and development, w’hich in turn is aseribed to llte 
fundamental similarity of the workings of the Inimiin mind all over 
the world, bo that, given similar conditions, similar customfi and 
itistitiilions will come into existence and dGveb|> on the same lines. 
But os ho berame more familiar mih the materials of his research he 
found that such tui attitude would not atlmit of an adequate explana¬ 
tion of the facte, and be waa forced to confess that he “hati ignored 
considerations arising from racial mixture and the blending of 
cultures." 

T recall these atotemenfs to your recollection now*, not merely for 
the purpose of emphnaisdng the far-reaching significance of an ad dress 
which ia certain to be looked bock upon as one of the most diatinotive 
and inniicntiul uttenmees from this pr^idential chair, nor yet with 
the object of telling you how, in the coume of my investigations upon, 
the histoiy of the pe€>plo in the Nib Valley/ I also started out to 
search for evidencea of evolution, but gradually came to really that 
(he facts of racial admixture and the blending of cultures were far 
motio obtrusive and-significant. ^fy intention is rather to invesiigate 
the domain of untliropology in which unequivocal cvfdutiunary 
factom have played a definite rfile; I refer to the atuiiy c^f man’s 
genealogy, and the forces that determined the precise line of devel¬ 
opment his ancestoTB pursued and ultimately fitshtoned man hiimielf. 

1 suppose it is inevitable in these daya that one truiueil in biological 
ways of thought should approach the problems of anthropology with 
the idea of independent development os his guiding principle; but 
the conviction must he reached sooner or later, by every one who 
conscientiously, and with an open mind, seeks to answer moat of iho 
questions relating to man’s history and achievements—certainly the 
chaptem in that history which come within the scope cjf the lost CO 
centuries—^that evolution yields a surprisingly smut] contribution to 
the solution of the difficulties which present themselves. Most of 
the factors that call for mvestigalion concerning the hbtoty of num 
and his worha are unquestionably the direct effects of migrations and 
the intermingling of races and cultures. 

But 1 would not have yon misunderstand my meaning. Nothing 
could he further from my intention than to question the reality of 
evolution, as undemtood by Charles Darwin, and the ircmendDua 
influBuco it is still exerting upon mankind. In inspect of certain 
perils man may, perhaps, havo protetted himself from "the general 
operation of that process of natural selection and survival of the fittest 
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which, up to hiB appc^ftr&nco, had bfH'u the law of the liruiit world'' 
(Sir Haj Lankeaterj; but it baa been demonstrated quite defoiitely 
that matiT hi virtue of these veiy heightened poweii»r which, to some 
observers, sMm to have secured him an immunity from what Sir Ray 
Laukester caJb “nnlute’e hiexorable dUciplino of death,” is con¬ 
stantly exposinf: himseJf to new conditions that favor the operations 
of natural selection, as well as other forms of ‘'selectiiin” to which 
his increased powers of intelligent choice and His subjection to the 
influences of fashion expose him. 

It b not, however, with such conteniimis matters as the precise 
mode of operation of evolution at the present day that E propose to 
deal; nor yet with the discussion of when and how the races of man¬ 
kind became spf-ciuiutetl and differentiated the one from the other. 
It is the much older story of the origin of man himself and the first 
glimmerings of human characteristics amiilst even the remotest of hia 
ancestors to which 1 invite you to give some consideration to-day. 

]fi a recently published book* the statement is made that '*thn 
uncertaiuties as to man's pedigree and antiquity are still great, and 
it is undeniably difficult to discover the factors in his emergence and 
ascent.” There is undoubtedly the widest diyeigence of opinion as 
to the precise pedigree; nevertheless, there seems to me to he ample 
evidence now avail able to justify us sketching the genealogy of man 
and confidently drawing up his pedigree as far back as Eocene times— 
a matter of a million years or so—with at least as much, certainty 
of detail and completeness as in the case of any other recent majnmal; 
and if all the fuctom in bis emcigence an* not yet known, there is one 
uui|uestionable, Langiblefactor that we can seize hold of and examine™ 
the steady and uniform development of the brain along a wrU- 
defincil course throughout the primates r^ht up to man—n'bich must 
give UB the fundamental reason for “man’s emergence and ascent," 
whatever other factors may contribute toward that consummation. 

What I propose to attempt is to put into serial order those verto- 
brates which we have reason to believe are the nearest relatives to 
man's ancestors now available for examiitation and to determine 
what outstanding changes in Ihe stnicture of the cerebral hemispheres 
have taken place at each upward step that may help to explain the 
graduid acquin^meut of the distincttvely human mental faculties, 
which, by immeasurably increasing the power of adaptation to vaiy- 
tng circumstances and modifying the process of sexual seh'ction, have 
matle man what he is at preftent. 

The links in the cham tif our ancestry supplied by palixintology are 
few and of doubtful value if considered apart from the illuminadoii 
of comparat ive anatomy. 
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Psychologfist? have fortniilsted certain defimte phuses through 
which the evnltition of intelligoiico muat have passed in the process 
of gradust building up of the structure of the tnmd. The brain in a 
sense is the uicamation of this mental structure; and it seemed to me 
that it. would be iustructive, end perhaps useful, to omploy the facts 
of the evolution of the brain as the cement to unite into one compre¬ 
hensive ston- the acenmulntioits of knowledge concerning the essen- 
tiivl facta of man’s f»edigree and the factoiH that have coiitributod to 
his emeigeiice, which have been gathered by wurkete hi such diveme 
(Icpurttuents of knotviedge ua swoJpgy and comparative ajiutomy, 
geology and paleontology, and physiology and psychology* 

For it was the oTolution of the brain "and the ability to profit by 
experient'e, which such perfecting of the cerebral mechanism made 
fioaaible, that led to the emeigenee of mammals, as I attempted to 
demonstrate in opening the d^iuseion on the origin of miimmnla at 
the Portsmouth meeting last year; * and from the mammalia, by a 
continuation of this process of building up the cerebral cortex, or, if 
you prefer it, the structure of the mind, ivas eventually formed that 
liTuig creature which has attained the most eaitensivo powers of profit¬ 
ing by indiviilual experience. 

The study of the brain and mind, therefore, should have been the 
first care of the investigator of human origins, llhorles Darwin, ndth 
his U8U^ pempicuity, fully iralized this; but since his time the r5lo 
of intelligauce and its mstniments has b^ aJtiiost wholly ignored in 
these discussions, or when invoked at all wholly irrelevant aspects of 
tho problems have beau considered. 

There can bo no doubt that this neglect of the ovidonce which the 
comparative anatomy of the brain supplies is in large measure due to 
the discredit Cast upon this branch of knowledge by the singularly 
futile pretensions of some of the foremost anatomists who opposed 
Darwin’s views in (ho discusabns w'hich took place at the meeting 
of the British .Association and elaewhere mom than 40 veors ago. 

^fany of you no doubt are familiar with Charles Kingsley's delight¬ 
ful ridicule of those learned discussiiius in the pages of "Water 
Babies." Tho controvemy excited by Sir Richard Owen’s conten¬ 
tion that the great distinctive feature of tho human brain was the 
possession of a structure that used to be collod the hlppoeampus 
minor was not unjustly the mark of his scathing satire. 

The piuf(»wh4al «ve& got up at tho nritiah Aaraciotion and declaiea that apeg had 
hippopotamtiR lualmo in their bnuna, jurt oa wen have, WTifch was a hbockiiw thine 
(o«y; (or. it it weroao. what would boMMae el ihotaith, hope, and charity of iramo^ 
miHicirB? You may think that ihere oie other m«»« important dUfereocen betwem 
jvjU and an ape, such on being eble tu npook , and tnake machine*, Bad know rwht from 
wwmij, and my y ourpmyera, and oth er little malten ot that kind; but that is only n 
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chQd 1 fancy* my dear* NotMog u to be depended upon but ihc great luppopotimkUii 
lest. If you hftvo ft bippopaUmutf major in yoiff bmm, ywu ftro no thaui^b you 
hjid four haiKlff^ no feet^ ail were najire apoi:^ llum the ftpea of all aponofli. Alwaya 
temember that iho ono t mo, certain, final, and ill important diiJeroDce between yon 
and an apo ia timl you have a hippopotuTuu? major lu your brain and it baa none. If 
a hippopotamus was difleoTrored in an ape^e biainp wby* it miuld not be one^ you know, 
but wmuthiu^ tdao. 

Tlie measure of tJio fotiiity of the contention thim hold np to ©com 
mill ho more justly realbetl now; for some yearw ugu I dkoovered that 
tlio feut uro referred to in King^by^i? IniHeaque phrase, '^hjppopotuiriiJa 
mnjor/' which Owen clahnt^i to he distinctive of tho hufttan braiji^ 
and Huxlny muintuiitod wans present also in npes, is quUi^ a primitive 
cIuiTucteristic, and tlie common property of fho mammalia in genenj. 

This illustration of the nature of the lilscu-saiom which distracted 
attention from the imi problems;, although the most notoiiouB one^ 
is unfortunately clixiracteristic of tJio state of alTaiis that preVEuled 
when prejudicG blinded men's eyes to the obvious facts that were 
calling so urgently for calm hives tigadon. 

HAN'S PEDIGREE. 

Ko ono who is fanuliar witli, the anatomy of man and the apes enn 
refuse to admit that no hi-pothcsis other tluui that of close kinship 
affords a rcasouahb or creditable explanation of tho exlraordumrily 
exact identity of structure that obtains in most part^ of the bodl^^ 
of mun ami the goriUa. To deny llie vaiidiLy of this evidence of 
neat kinsliip is tantamount to a confession of the utter uselessness of 
the facta of comparativo anatomy as indkations of gcnotic relation- 
ahips* and a revei^im to ihe obscurant km of the dark Rg^s3 of biology* 
But if anyone still harbors an honest doubt in the face of this over- 
whfihning testimony from mere structiirei the reactions of the ldo^>d 
will confirm tho tcachhig of anatomy; and the susceptibility of tho 
anthropoid apes to the infection of human dkeofles, from which other 
apes and mamiixak in general arfi inmiinc^ should comploto and clinch 
the. proof for all who itre willing to bo convinced- 

Nor can anyone who, with an open miad, applies similar tests to 
the gibbon refusa to admit that it is a true, if very primitivo, antliro* 
poid ape, nearly related to the common ancestor of man, the gorilla, 
and the chinipaiisec. Moreover, its structure reveals indubitable 
evidence of its derivation from sonic primitive Old World or catar- 
rhine monkey akin to the ancestor of the langur, the sacred monkey 
of India. It is equally ceriahi lliat the calarrhinc apes wero derived 
froras[>mo primitive platyTrliine apej the other, leas mo dified,dc'-icend-^ 
aats of which wo rccognbw m the South ^Imeriean monkeja of the 
present daj'j and that the common ancestor of all these primates 
was a Iemui»id nearly akin to the curious littli^ spectral tarsier, 
which still haunhi tho fomts of Borneo, Java, oiid tho neighboring 
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Hlandfl, and awiilteiis In Uio minds of ths pcopli^s of thoso lands a 
superstitirjus droad—a sort of instinctive liomir at tke sig^t of the 
ghost-Iikfl repnoscntative of their first piiniatc anctstor, 

This much of man’s pedigree will, I think, be admitted by the groat 
maforitj of zoologists who arts familiar with the facts; buit I believe 
wc can push the lino of ancestry eiil] further back, beyond the moat 
primitive primate into Ilaeckel’s suborder hlcnotyphla, which 
most zoologists regard as constituting two fanulica of insectivora. 
I need not atop to give the evidence for this opinion, for most of the 
data aud aigumenis in support of it have recently been siuiimaiizcd 
most excellently by Dr. W. K, Gregory,* 

This group includes the oriental tree shrews and tho African 
jumping shrews. The latter (MacroscoUdidffl), living in tho original 
South African homo of the mammalia, presont extraortlinariiyprimi^ 
live features linking them by close bunds of all'mity to the marsupiak. 
Tho tn»o shrews CTupaiidie), however, which range from India to 
Java, white prestiiitmg ver^' defiiiiio cvidenco of kinship to their 
huiiiblo j:Vfricau cousins, oho display in the structure of their bodies 
positive eviilenco of relationship to the Stem of the aristocratic 
primate phylum. 

Quite apart from the striking aimilaritiea produced by identical 
luibits and hsbitata, there ore mariy structural identities in the tree 
slirewH and lemuroiiis, not dirttctly assocaatod with such habits, which 
tan be interpreted only as ovidonceB of cifinity. 

THE KEOPALLIUJI A.N’ll ITS JRET.ATIOX TO THE ABILITY OP T.EAfi.VLVG 

BY E-YPERlErjCE. 

Having now sketched the broad Ibea of man's pedigree right back 
to the most prinulive mammals, Jet us next consider what o'ere the 
outHlanding factors that determined (he course of Ids ancestors^ 
progressive evolution. 

The class manimaUa, to which matt belongs, is distinguished in 
stmeturo from all other verteijratea mainly by tbo size fl.nd high 
dcvektpment of the brain, and, as regards tho behavior of its members, 
by the fact that they are able in immeasurably greater tlr>groe than 
all other aniniaU, lutt exchicluig even birds, to profit by individual 
e-xperienoo. The behavior of most, or perhaps it woultl bo more 
comet to say all, animals, however complos and nicely adapted to 
their eireumstanccs it may seom, & essentially instinolive; and tho 
maul problem we Lave to solve, in attempting’ to explain the cmer- 
gpnoo of Ihe distmetivo attributes of the creature which in greater 
mcHSuri' than any other has succeeded in suburdinatiiig its nistincts 
to reason, is Uie means by whicli it has b*4:oiao possible for the effects 
of inrliTtdual exporienoc to bo brought to bear upon conduct. 
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Thft fthility to learn by cspprit'noe neccasttrUy iniplies thfl develop- 
ment, somewhere in the brauj, of a something which can act not only 
na a (vceptive organ for inipresaions of the senses and a meanfl for 
securing that Iheir influence will find expression in modifying be* 
luivior, but also sen'e in a sense as a recording apparatus for storing 
such impressions, so' that Uiey may be revived in memory at some 
fuliiJi* time in usatjcktion with otht’r impressions received simul¬ 
taneously, the state of cMnsciousneas they evoked, and the n'spoii.w 
they called forth. 

Such an oigan of associative memory is actually found in tlw brain 
of mammals. It is the cortical area to which U years ago I applied 
the term **ncopallimn." ‘ Into, it pathways lead from all tho sense 
organs; and each of its toiritories, which receives a definite kind of 
impression, visual, acoustic, tactile, or any other, is linked by the 
most intinuitc bonds with all tho otliera. In spite of the disapproval 

the psycho logista, we can indeed regard the neopamum as fulfilling 
all the comtitions of the jjvfwon'ufln ecwHnutie, ivhich Aristotle and 
many g;enerations of philosophers have sought for 20 centuries; for it 
is unquestionably a “unitary oigaii the physical pro««s«s of which 
might be regarded os correspondmg to the unity of coiiscbu-snrss." 
<Wm. MacDougall.l 

Nothing that happens in this area in the course of its enormous 
expans u»n and dilferentiation in the liigher mammals ms tonally alTecia 
this fundamental purpose of the neopalUnm, which continues to 
remain a nnifying organ that acts as a whole, though each part is 
favorably placed t<i receive and transmit to the rest its special quota 
t<i thi* sum total of what we may call the materials of conscious life. 

The coitsciousn^'Ss wliich residt's, .so to speak, in this neopullium, 
and Ls fctl by the continual stream of sensory impressiomi p<ninng 
into it (Utcl awakening memories of post sensations, can express itself 
diivcily in the behavior of_the anituHl through the inlermediation of 
a part of the neopallium itself, the so-called motor area, which b 
not only kept in intimate relation with the muscles, tendons, and 
skin by senaor.v impre^iona, bul controls the voluntary responses 
of the muscles of the opposite side of the body, 

THE DIFFERENTIATION OF MAMMALS AND TRE EFFECTS OP SPE- 

CIAIAZATION. 

Tho possessiim of this higher type of brain enormously whiened 
tho scope for the conscious and iiueUigent adaplatton of the aiumal 
to varying surroundings, anil in tho exorcise of thb newly acquired 
ability to learn from individual expedence, and so appreciate the 
possibilities of fresh sources of fwid supply and new modes of life, 
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ih* Tray was opened for an infinite scirlea nf ntlaptatioos to vanning 
envinmnients, entailing slructuml motlificatiuns in whieh the 
Mihanced phisticity of the new typo of anintat found expression. 

Xaturo tried innutnerahk experiments with the new type tif brain 
ahnost tis floon as the humble Therapsiil-llko mnnimal felt the impe¬ 
tus of its now-found power of adaptation. In turn iho ProiDiherian 
and Motatherian tyjiea of brain wero tried before the moPo adaptable 
echemo of the Euthorian brain was evolved. 

Tho no\s' breed of intelligent creatures rapiiUy spread fnjm their 
ijouth African home throughout the whole world and exploited every 
mofle of livelihood. Tiia power of adaptation lo the particular 
kind of life each group chose to puisuo soon came to he exprct^ed 
in a bewildering varioly of specialisations in stnictnro, some for 
living on iho earth or burrowing in it, others for living in Ireea or 
even for flight; others, again, for an aquatic existence. Some 
mammids bocomo tieot of foot and devoloped limbs specially adapted 
to enhance their powers of rapid movement, Tho)' attaiueil an 
early preeminence and wore able to grow to large rlimoiisiona in 
the slow-moving world at the dawn of the ago of mammals. Others 
developed limbs specially adapted for sw'ift attack and habits of 
stealth auccGssfuIly to prey upon their defenseless relatives. 

Moat of thise groups attained the immediate suectssa that often 
follows upon early specmliKation, hut they also paid iho inevitable 
penalty. They became definitely committed to one particular 
kind of life, and in bo doing they had sucrificcil their primitJTH 
simplicity and plasticity of structure and in great measure their 
adaptability to new conditions. Tho retention of primitivo char¬ 
acters, wliirh 30 many writem upon biological subjects, and espe¬ 
cially upon anthropology, assume to be a sign of degradation, is not 
niftUy an indication of lowlineas. We should rather look upon Idgh 
specialization of Umbs and tho narrowing of tho majiner of living 
to one particular groove as confessions of weakness, ilie reiiuiicia> 
tiou of the wider life for one that sharply circumscribed. 

Tho stork, from wliich man oventu ally enietgod j:>l4yod a very 
humble r4le for lung ages after many other mammalian ordem had 
woxeil great and strong. But the race is not always to the swift, 
and the Itiwly group of mamratiJs which took advantage uf its 
insignificance to develop its powers evenly and voiy graduBtUy 
without sacrificing in narrow specialization any of its posBibilitiw 
of future nchievemetii, uvuntueUy gavo birth to the dominant and 
most intelligent of all living creatures. 

Tlio tree shro^ are smal] squirnd-like animals wliich feed on 
“insects and fmii, which tlioy usuidly seek in trees, but also occa^ 
aionaUy on Hie ground. When feeding, they often sit ou their 
haunches, holding the food, after the manner of aquirrels, In their 
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tore * They are of "'lively dispwiiioo and great agility* 

These vivarious, brgcsbrained little itujectivores^ linked by mani¬ 
fold bomis of relfttionidiip to somo of the lowliest and most primitive 
mammalej prettent in lie elrutture of their ekiili^ troths and limfe 
undoubted evidence of kinship, remote though none the lefc^a vure^ 
with their compatriots the Maykjsian lemtim, and it k singularly 
fortunate for \is in this inquiry that side by side there should have 
bciui preserved from the remote Eocene tlmcSp ancl posaibly earlier 
still, these inseictivores, which had almost, tn^eoine primates, and a 
little primitive lemurokl, the spiK^lrol tarsier, which had only just 
ftflfiumed the chiiractora of the primate stock, when nariiro fixed 
their types and preserved them llmoughout tho agi^s, with rf'latively 
alight change^ for us to study at the present da3% 

Tlius w^e are able to invest^atc the uiflucnee of an arbi>real mode 
of life in stimuliiting the progn^ive develupment of a primitive 
mouinial and to appreciate precUely w'hat conges were m^esaary 
to convert the liTeJ}*, agiJe Ptilocercus-like ancestor cd the primatea 
into a real priniale. 

In the foreninnera of the mammalia the cerebral heinkphere was 
predominantly olfactoiy in function, and even when the tnio mam-^ 
mal emerged and all the other senses recidvtnl due representation 
in the neopaUium the animars behavior waa still influenced to a 
much greater extent hy Bmell impressions than hy those of the olher 
senses. 

This w'ikH due not only to the fact that the sense of smell had 
already iiistaUed its instrumenU^ in and taken firm possiwion of 
the cerebral hemisphere lung before the advent in this domuiont 
paidh of the hram of any adi^juate represeutation of the other senses^ 
but also, and chiefly, because to a small land-grubbing ammal the 
guidance of smell impressions^ whether in the search for food or as 
a means of recognition of frienda or enemies, w^aa much more aerv- 
iccable than all the other senses. Thus tho small creature's mental 
Hfci was lived essentially in an atmosphere of odors, and every object 
in the outside world was judged primarily and predominatitly by 
its smell. The senses of touch, vision, and hearing were mereJi^ 
auxiliary to the compelling influence of smell. 

Once such a creature left the solid earth and took to an arboreal 
life all thk was changed, for away from the ground the guidance 
of the otfactory sense lost much of its usefulness. Life amidst tho 
branches of trees limita the usefulness of olfaetoiy oigans, but it 
is favorable to the high development of vision, touch, and hearing. 
Moreover, it demands an agility and quickness of movement that 
necessitates an efficient motor cortex to control and cooreltnate 
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such acibns tis an arborival mtiiJc of life demands (and seenres, by 
tho surriva! oidy of thoae bo fiited) and ako a well-tJe^dlnpcd mus¬ 
cular sonsibilily te enable such acts to be catried out "wiih precision 
and tjukknoas. In the alrugglo for eodstenee, therefore, idl arboreal 
mammala, such iis tho tree shrews, suffer a marked diminution of 
their olfactory appiiratua and develop a considerablo noopallium in 
whieli relatively large areas are given up to 'lisual, tactile, acoustic, 
kinfipsjtheUc, and motor functions, as well as to tho purpose of pro- 
'"idiiig a mechanism for tnulually blending in consciousness tlie 
effects of the impressions jwiirmg in lbr!>iigii the avenues of tlufie 
senses. 

Thus a more equable balance of the representation of tho sensa 
is brought about in the huge brain of the arboreal animal, and its 
mode of Ufa encourages and makes indispensable the acquisition of 
ajgihty. Moreover, thcae modificationB do not Interfere with the 
primitivu characters of limb and bijdy. These anmll arboreal creo- 
turos TvcfTo thus freo to develop their brains and maintain aU the 
pliiaticily (ff a genoraUxefl structure, which eventually enabled ihem 
Ui go far in the process of adaptation to almost an 3 '' circuinstanees 
that presented tbemsedves. 

Amongst the members of this group, os in aU the other manv- 
mnlian pbj'la, tho potency of tho forces of natural selection was 
imraeniMily onhancod by the fact that tho inquisitiveiieas of an ani¬ 
mal which can le&m by experionce—i, e,. Is endowed inth inteUi- 
gflUen—was leading theso plMtio inaectivoros into all kinds of sifua'* 
tions which were favorable for tire operation of selection, VariouB 
members of the group became specialized in different ways. Of 
such apocialized strains the one of tdiief iniereat to us is that in 
which tho sunse of vision liecame es^jecislly sharpened. 

TtlE ORIGIN oy PRIMATEf). 

Toward tho close of tlie ('retaueuus period some small arboreal 
shnm'-likc creature took another step in advance, which was fraught 
with the most far-niaching conaequencrfsi, for it mnrktsd tho birth of 
the prii^tea and the definite branching off from tho other mammals 
of the line of man’s ancestry. 

A noteworthy further reduction in the size of the olfactory parte of 
the brain, such as is seen in that of Taraius,’ quite emancipated the 
creature from the dominating influence of olfactory impressions, tho 
away of which was already shaken, but not quite overcome when ite 
tupaioid ancestor took to an arboreal life. This change was asso¬ 
ciated with an enormous devalopiaent of the visual cortex in the nec^ 
pallium, which not only increased in extent so as far to exceed that 
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of Tupaia, but also became more highly tipociaUzed in stnictnre. 
Thus, in the primitive prinin to, vision entirely usurped: the controlling 
place oncse occupied by ameU: but the aignifieanee of thia change is 
not to bo irtCMored merely the aub^titotion of one senw for another. 
The tisufll ftrea of cortex, imlihe the olfactory^ is part of tho tieo- 
palliump and when its im|>ort.ancc thus l>ecamo enhanced the wholo 
of the ncopallinm felt tho influence of the changed conditions. The 
FU'Ttsc of touch alnts sliarcd in the effocbi^ for tactile impressions and 
tho related kinf&sthetic sensibility, the importaaco of w^hirh hi an 
agile trcc-lUung animal is oh^doitSp assist- vision in the con^iou§ ap¬ 
preciation uf the nature and the various properties of tho things seen, 
and in loiiming to perform agile actiom which arc guided by vision. 

An arboreal life akti added to tho imi>ortance of the sense of hear¬ 
ing; and the cortical representation of ihia serLse exhibits a note- 
worthy increase in the primates, the significance of which it would 
be difficult to exaggerate in the later stages, when the fiimlan are 
giving plorco to tho distinctively human characteriatiCK. 

The high sfjucializatinn of the sense of sight awakened in the 
creature the curiosity to examine the objects smund it with closer 
minuteness, and supplied guidance to the hands in executing more 
predHC and ttinre skilled movements than the tree shrew attempts. 
Such habits not only tended to develop the motor cortex itself, 
trained the tactile and kina^sthct^c senses, and linked up their ccirtical 
a tens in kinds of more intimate associations mth tho ^"bunl cortex, 
hut they Btimulatcd tho process of specializati^m within ur alougiido 
tho mtdor cortex of a mechanism for regulating the action of that 
cortex itself—an organ of attention which coordinated the acti\dtjf« 
of the whole neopallium so as the more efficiently to regulate the 
various centcra contJoUiug the muscles of the w'hole body. In this 
way not only Ls the guidance of all the senses secured, hu t tho way is 
opened for aU the muscles of the body to act harmoniously so as to 
permit tho coucentration of their action for the porformanco at one 
moment of Rome delicate and finely adjusted movement. 

In aomc auch way a.s this there was evolved from the mtitor area 
itself, in the form of au oiitgriwUli placed at tiist inunediaiely in front 
of it, a formation p which attains tniioh larger dimensions and a more 
pronounced specializ&tiun of structure in tho primates than in any 
other order; it is the germ of that great prefrontal area of the human 
brain which is said to bo "concerned with attention and the general 
orderly coordinatien of paychic processes^"* and ab such is, in far 
greater measure than any other part of the brain, deaerving of being 
regarded as the seat of the higher mental faculties and the crowning 
glory and distinction of the human fabric. 
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[By means of lant^jm slides reprospnting Dr. Scharff^s conTmdiig 
duddatLon of th& modlifieAtioEis of thti land connectiona during 
Ternary timeSj a demonstration was given of the wanderings of the 
primates, which the facts of paleontology and ooraparative anatomy 
domandj the object being to direct attention to ihe fact that at oaoi 
stage in Oie migmtions of man^s ancestors, menotypMotis, proaimianj 
pl&tyTrhhie, Gatarrhinc^ and anthropoid, thG unprogrossive membets 
remained somewhere in the neighbe^rhood of the hmuo of their imme^ 
diate nneestom^ and that those which wandered into new surroundings 
had to struggle for their footing, and ns the result of this striving 
att4i]ned a higher mnk. 

Other slides were shown to denioni^irnte tho fact that hi this series 
of primates there wtm w steady development of the brsdn—e^ anjtm n 
and differentiation of the ‘^■iaunl, tactilep and auditory centers, and 
development of the meeting territfpry between them; a marked 
growth and speebilization of the motor centers, and the power of 
sklUed movements^ espednlly of the hands and fingers; and a regular 
ex}>ansion of the prefrontal area—^along the lines marked out once 
for Jill when the first primate was formed frcmi some inenotyphlnus 
progenitor.] 

Thus the outstanding feature in the gradual evolution of the pri¬ 
mate brain is a ateady gmivth and differentiatiQii of precisely those 
cortical ureas which took on an enhanced importanco in the earliest 
primatea. 

So fur in thm ^tdd^ess I have been delving inhi the extremely riv 
mote, Hither than the nearer, ancestry of man, because I believe the 
germs of his intelJeotual preeminence were howti at the very dawn of 
the Tertiary period, wh^^n the first anaptomorihtd began to rely upon 
™ion rather than smell as ife guiding sen^e^ In all the succecdiiig 
ages since that remote time the fuller cultivation of the means of 
profiting hy ex]jeriencc, which the tamioid had adopted, led the 
steady upward progressbii of the primates. From time to time 
many indiriduals, finding themselves amidst surroundlngB which 
vrere thoroughly congenial and called for no effort, lagged behind; 
and in Tansius and the lemurs, the New World monkeys, the Old 
World monkeys, and the anthropoidsp not to mention the extinct 
forms, wo find preserved a serins of these laggards which have turnmi 
aside fri»m the highway which led to man's estate. 

The primates at first were a small and humble folk, who led a quiet, 
unobtrusive, and safe life in the branches of trees, Uking small port 
in the fierce competitio-a for size and supromacy that wea being waged 
upon the earth beneath them by their caroivoroufl, ungulate, and 
other brethren. But all the time they were cultivating that oqu&ble 
development of all their senses and limbs, and that special devolojn 
mont of the more intelloctually useful faculties of the mind which, m 
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tho lonp Jttn, t'tt'p to Tnnko tho progpriitora of tho doRunaut 

moiQinnl—tho miimmal which wiis to obtain tho suprontftcy ovor all 
othors, whilo stiU rotaining much of tho ptimitivo slmcturo of limb 
that iiM csompfliitors lisd sacrificiHl. It is inviMirtant, thon, to kopp 
in mind tlmt tho mtontion of priinitivo fharactnra is ofton to bo lookod 
upon as a tokon that ihrir possisssor has not ttoen compolJfld to turn 
fliiitU) from tho straght path and mlopt pivjtoctivo spwiiiliiatioiis, 
but has boon able tn jirtwi^rvo sonm of his prijiuviv€aiesa and the 
plasticity asaociatoil with it, pnam^rly 1>ocauso ho lias not succumlmd 
or fa! 1 on away in the atruggi o for enjiremacy. 11 is the wider triumph 
of the individual who specialiai^ lalo, after benefiting ly the nmny- 
etdod oxptnioiicje of early lifo, ovor liim who in ynuth becomes tied 


to ono narrow calling, 

In msnv resjjocte man rotains more of the prinutivo charaeteriatics, 
for example, in hia hands, than Ids nearest smtiitn rdatives; and in the 
Giiprome race of maiddnd many traits, such aa abundanoo of hair, 
persist to suggrat pithecoid affinities, which have been lost by tho 
more specialiacd negrci and other races. Those anthroptdogiats who 
use the roteiitinii of jirimitivo features in tho JTordte Eumpoan as an 
argument to exalt the uegn) to equality with him aro negleeting tho 
clear teaching of compnrative anatomy, that tlto ponaiatenco of 
primitive traits is often o sign of strength Tather than of weskneas. 
This factor runs through the hbtory of the whole enimal kingdom d 
Man is tho uUmmto product of that line of anccetty which was never 
compcUisd to turn aside and adopt protective Bpecializetion either of 
slnioturo or mode of life, which would bo fatal to its plasticity and 
power of further development. 

Having now examined the nature of the factors that have mado a 
primate from an insoclivoro and have trsnsfnrmed a tarsioid pro- 
simian into an ape, ki us turn next to roiuilder how man himself was 
fashioned. 

THE OnmtK OF MAN, 


It is the last stage in the evoluliun of man that has alwaya excited 
chief interest and has Itecn the siibiecL of murJj spetnilation, as the 
addresses of my predecessors in this presidency bear Ample witnosa. 

These discussions iieiially resolve themselves into the cohstderaUun 
of such questions as whether it was the growth of the brain, t he acqui¬ 
sition of the power of speech, or the assumption of the erect attitude 
that came first and made the ape into a human being. The case for 
tho erect attitude was ably put before the afisocietien in the address 
delivered to this Boetlon by Dr. Munro in 1S93. He argued that the 
liberation of the hands and the cultivation of their BkiH lay at the 
root of man^a mental supremacy. 

It THi Bata ta ihB EthoaUii^"' Tfwa- LIilel ficik, tjjSL 
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If tlio flrc^Gt is to oxplain all^ why did not the gibbon 

becomG a man in. Miocwie times 1 Tha whok of my argument has 
aimed fit demonfltratmg that tho st<iady growth and ftpofiaJi^atifin 
of tho brain has been tho fundamental factor in leading nian^a ancaa- 
tors step by step right upward from tho lowly insoctivore etatus^ nay, 
further, through every earlier phaac in the evolution, of mammals—for 
man's brain represents the consnmxnation of precisely those factors 
whieli throughout the vertebrata have brought their poftsossora to 
the crest of the wave of prcjgresa. But such advances as the assump¬ 
tion of the oroet attitude are brought about simply because the iir^iin 
hiia niaclo skilled movements of tho hands pos^iblo and of defiuiio uso 
in tho struggle for exbtencoi yet once such a stage has boon attained 
the very act of liberating the himds for the porfonnance of more 
deUcaio movements opans tho way fur a further advance in brain 
development to make the moat of the more favorabk conditions and 
the greater potentialities of tlio hands- 

It is a fact beyond dispute that the divergent epeciaJkation o( the 
human limbs, one pair for progrefision^ and the other for preliensioD 
and the more delicately adjusted skilled action, has played a largo 
part in preparing tho way for tho emergence of the dJsimetly human 
oharactcrisiica: but it would be a fatal mistake unduly to magnify the 
inlluence of these developments. Tho most primitive hving primate, 
tho speutiiil tarsicr, frequently assumes the erect attitude^ and uses 
iis hands for prehenaion rather than progression in many of ita acts, 
and many other lemurs, such as the Indrisinir of ^fadaga£i:!iar, cun and 
do walk erect. 

In tho remote Oligifjcenej a catarrhine ape, nearly akin to the 
ancestors of the Indian sacred monkey, SemnopitliGCUi^t l>ecame 
definitely speciahi^d in otmeture in adaptation for the aj^aumption 
of the erect attitude; end this tjqro of early antjiropoid has peraiated 
vrith relatively slight modifications in the gibbon of the present day. 
But if the earliest gibbons wore already able to walk upright^ liow is 
hf one niighi aak, that they did not begin to use their hands, ihus 
freed from ihe work of progression on tho earth, for skilled work^ and 
at once before moni The obvious ropiaon is that the brain had not 
yet attained a HtjffirienUy high stage of devolopmont to provide a 
stifircieni amount of useful tikUled work^ apart from the tree climbing, 
for theive competent handa to do. 

The apa ia tied down absolutely to hb experience, and has only a 
very limited ability to anticipate the results even of relatively aimplo 
actions, because so large a proportion of hiB neopallium is tinder tho 
dominating mHuence of the aenees. 

Without A fuller appreciation of the consequences of its actions 
than the gibbon is c^pablo ofj the animat h not competent to make 
the fuUesl use of the ekill it undoubtedly possesses. What le impfiad 
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in aoq Hiring thifl filler iippreciflti'£>n of the ni&antng of evenU t-ftking 
pJetco firound the Miimal ? The state of consciousness awakcneil by a 
sititplo sensory stimulation is not merely an upprcciaticui of the 
pb}’aitiki properties of tho object that BiippIi(3S the stimulus; Iho 
obiflct fliniply sBrvi:^s to bring lo i^nsoiouaness the results of OHTpericnoo 
of similar or contrnstod stimulations in the pasti as well as the feelings 
aroused by or associated with tbem^ and tlio acts such feelings exdted. 
This meiitnl enrichment of a mere sensation bo that it fW-'quires a very 
precLse and complex meaning is possiblo only because the individual 
has this extcnsiYo exporienoe to fall back upon; and the faculty tif 
acquiring such experience applies the possesBion of largo ncopdlial 
aroAS for recording, so to speak,^ these sensation factors and lha 
feelings associated with them. The '^meauiog^' which each creature 
C4in attach to a sensory impression presumably depends, not on its 
experience only* but more especially upon the ncopallial provision in 
its brain for nocording the fruite of such experience* 

Judged by this ulandard, the human brain beats ample witness, in 
the expansion of tho great tomporo-parietal orea^ wliicb so obviouely 
has been ovolYcd from the regions inlo which visual,, nuditory^ anil 
tactile impulses are ]>ourcdj to the perfection of the phjTsical countoi^ 
port of the enrichment of mental structure;, which is tlio fundamental 
characteristic of tho human mind. 

The second factor tliat came into operation in the evolution of tho 
human brain is merely the culmination of a procesa which has beeit 
Bteadily advancing L^oughout the pdmat«$. I refer to the high 
slate of perfection of the cortical regulation of aldUed moYcments^ 
many of which are acquired by each individual in response to a com* 
pelUng instinct tlint forces every normal human heuig to work out 
hii own salvation by perpettiaJly striving to acquire such manual 
dexterity. 

This brings us to the consideration of tlie nature uf the factoia that 
have led to tho wide differentiation of man from the gorilla. Why is 
it that thcao two primates, structurally so similar and derived simul* 
tuncously from common parents, should have become separated by 
sucli on enormous dbasm, ao far as their mental abiJitieB are concerned ? 

There cFin be no doulpt that tWa prurcas of differentiation is of the 
same nature os those which led one broTLch of tho Eoceno iHrsioids 
to become iuonk<ys w'bile the other remained presimiro; advonoed 
one group of primitive monfeeya to ihe catorrhine status, while the 
rest mm allied platyrrhine; and converted one division of the Old 
World apes into anthropoids* while the othem rotained their old 
status. Put into thl^ form os an obvious imkmt the conclusion is 
suggested that the changes which have taken place in the brain to 
convori an ape into man are of the same nature as, and may be 
looked upon marely as a contuiuarion of, those processes of evolution 
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wliich wo Kavn been oxankinin^ in the lowlier member of ih& primati^ 
faeries, li liot tbe adoption of the erect Attitude or the invention 
of Articulate language liut made itnuri from an apo^ but the graduo] 
perfecting of the brain and iho slow upbuilding of the mentai etruc- 
ture, of which erectne^ of carriage and apooeh itro some of the inci¬ 
dental moiiifeslationa. 

The ability to pcrfoirn skilled ninvemeuUi ia coikTucito to a marked 
eiuddinient of the ininH's structure and the high cievelopnient of the 
neopallium, which m tho material expreasion of that enricbmont. 
There are seToral reasoiia why this should bo so. The mere process 
of learning to exeente any act of skill necessarily inrolvca the cwlti- 
valioti, not only of the muscles which pmtluco the njovsnieiit^^ and 
the cortical nren which excites the aotiom of iheso muscles, but in 
even greater measure the soiwoi^'' mechanisms in tho neopatlium 
which are recoiring impressioiui from the Bfcin;^ the musdos, and the 
eyeSj to control the mOToments at the momcTit, and inrideritally are 
educating those certical oreftSt stimulating their grmvth, and enrich¬ 
ing the mental structure with new elements of exporience. Qtit of 
the oxperience gained in constantly performing a* ta of skill the 
know ledge of cause and effect is eventually acquired. Thtis the high 
special isuitiori of the motor arca^ w'hich made complicated actiotia 
pcK^ibki and tho great expansion of the temporo-parietjLt area, which 
enabled the upe-mau to realise tho meaning’^ of events occurring 
arouiid ilf reacted one upon thi‘ otherj so that the ermturo came to 
understemd that a particular act would entail eertmq consequences* 
In otheii words, it gradually acritiired the faculty of ehiipiug its con¬ 
duct ill ^ticipaiido of results. 

Long hges ago. ijossibly in the Miocene, the Ancestors i ommon to 
mm, the gorilla, and the chimpsnKee liecame aepamted into groups, 
and the tlifferent conilitiotis U> which thej' l>ecanie exposed after t.hcv 
parted company were in the main respuiiaiblo for the eontraata m 
their fate. Iri oi^fi group the distmetiveij primate pnirr^ ftf growth 
ain) HpeciAlizatioa of the brain, which had been going rm in their 
ftnrcstem for many LhoHsands, even, millions, of ycam, reachcri a 
atngii' when the more veniuresomo meiubers of the group, stimulated 
perhaps bj' some local failure ftf the custom aiy focui, or may bo led 
forth bj* a ruriLislty bred of Ihcir growing ronlization of the poaaibili- 
tioa of the unknown world beyond the trees which hitherto had been 
their home, were impelled to issue forth from their foroste, and sock 
new sources of food aud new surroundingsi on hill and plain, wherever 
they could obtain the suatenance they needeib Tho other group, 
perhaps becatw they happened to bo more favorably Situated or 
attuned te iheir surroundiiigB, living in a land of plenty which encour¬ 
aged uujolence in habit and stagnation of effort and growth, wen? 
free from tliis glorious unrest, and remained apes, continuing to lead 
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vprv'^ mwh Un^ mune kind of lift^ (m ^riihia and rhimpaEizfis) am 
U itdr jLiicaJUirs bail tifM^n liTiii^ since tho Mioreiie or even earlier 
times. That budi of thesn nnenterprising relatives of loan happen 
to live in the forests of tropicat Africa hos always seemed to mo to 
be a atj^ong ailment in favor of^Darwiii'a view that ^Urii a wits tho 
original homo of the brat creatum^ ilcbnitoly oommUied to the 
hnintui career; for while man was evolveil amidst the strife witJj 
ail verso conditio^ia^ ilip aiiceslorfi of the gorilla and idiinipanzee gave 
up the Btnigglis for ineaital supremacy sini]>ly beraus*' they were 
aalifltiod with their eircufitsiani'Ca; and it is more likely ihaii imt tliat 
thc3' (lid not ehaiigo their habiUt. 

Tlia erect attitude^ Jtihihtely more ancient than man Iniuselft is 
not the real cauao of man^a emergmm from the simian stage; hut 5t 
is one (jf the factors made uso of by the expanding brain as a prop 
atill furtliar to c^tiuid its groining domlniant and hy fixing and estali- 
lifihing in a more decided waj" this eroidness St liberated the hand to 
become the thief matrumeiit of man’s further progress. 

In learning to oxetut4> movemenls of a degree of delicecy and 
preciaion to which no ape could ever attain, and the primitive Jij>e^ 
man could only utiempt once Ms arm was conijdoteh'^ emancipated 
from the necessity of being an Lustrument of progression, that cor¬ 
tical area w^hich seemed to sene for the jdicnoniona of attention 
became enhanced in imjK^rtance. Hence the pmfr^intal region, where 
the actidties of the cortex os a whole are, as it w'cro, bx-tiaed and 
icgulaicfl, bii^an to grow' until eventually it boi-anie the most di>w 
dnetive charavleristio of the human brain, gradually Tdling out the 
front of the craniutn and piuiluciiig tlie distinctively human foreheads 
In the diminutive prefrontal area of Pithe4ianthrojmSj* and to a lesa 
marked degree, Keanderilml man,* we see illustrations of lower 
human types, bearing the tmpri-as of their lowly statu in iweding 
foreheaibs and groat brow ridges. However largo the brain may t>e 
in Homo prtmignius, his small prefrontal regiuu. if wc accept Boule 
and Anthony H statoments, is sufficient ovidoni e of hh Jowly state of 
mtolligenco and reojson for Ins failure in the comjiutitiou w'lth tho"" 
rest of mankind. 

The growth m intelligence ojid in the powers of dwcrimiiifttion no 
doubt led to a dufimte cultivation of the aeathutic sense, wluch, 
opemting through sexual selefction, brought aliout a gradual refiric^ 
ment of the features, udded grace to the general build of the body* 
and demolkhwl the greater pan of its hairy covering. It also led to 
on inienaification of the siytiial distinct ions, especially by developing 

iEujt. Dubak, [I|hd th^ at PaiHwilhnqHiJ/* I*im. Va^mh InirfMt- C™ 
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Lti tho fcinolo localized depoiiitti of fatty tissue, not found iu tlie 
apea, winch produced profound ultcrutiutis in the goncral form of the 
body, 

RIGHT-UANDKIjNESS. 

To one who cotisidcrs what proekely it means to fix the attention 
and attempt the [icrfofitnuice of some delicately adjusted and jireciso 
action it must be evident that oiio hand otdy can be usefully employed 
in executing the conadously skilled part in any pv'cii ntov'ement. 
The other hand, like the rest of the muscles of tJie whole body, con 
be only auxUian' t4> it, esskiing, under the infiuence of attention, 
either jnisalvely or acliyely, in steadying the body or helping the 
douiinant hand. Moreover, it is clear that if one hand k constantly 
employed for doing the more skilled work, it will leant to perform it 
more precisely and more successfully than either would if both wore 
trained, in spite of tv'hat ambidextral enthusiasts may say> Hence 
it happened that when nature was fashioning man the forcea of 
natural selection made one hand more apt perform skilled move- 
mcnia than the other, "Why precisely it was the right htuid that 
was chosen in the majority of mankind ifo do not know, though 
scores of anatomists and others are ready with explanations. But 
probably aotno slight mecbaiiiral ndvantago in the circumstances of 
the limb, or perhaps even some factor affecting the motor srea of 
the left side of the brain that controls its movements, may have 
inclined the bahmee in favor of the right arm; and the forces of 
heredity have continued to perpetuate a tendency long ago imprinted 
in man's structure when first ho became human. 

Tlie fact that a c^'rf.airi proportion of maiildiid k left-handed, and 
that such a londency is Irommitteil to some only of tlie descendants 
of a left-handed person, might perhaps suggest that one half of 
mankind was originally Icft-lmmled and the other right-handed, 
and that the former condition was recossive in the Mendelian sense, 
or thot sotua infinitesimal advantage may hav'o accrued to the 
right-handed part of the orgdiial community, which m tuno of striss 
jipared them in preference to left-handed individuals; hut the whole 
problem of why right-handedness should be much more common 
than Icft-handcdness is still rpjite obscure. The superiority of one 
hand is as old as mankind, and is one of the faetois incidental to 
ibe evolution of man. 

It. Ls easily compreliensible why one hand sluiuld become more 
export than the other, as I have atb^mpted to show; and the fact 
remiuns tlmt it k the right hand, controlled by the left cerebral 
hemisphere, wldt'h is specially favored in this respect. This heighk 
etied edncability of the aeft) motor cenuw (for the right hand) has 
an important infiuence upon the ail joining areas of the left motor 
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cortox. When th^ att-ained a siifficioTit degrm of xtitol- 

ligetir4^ to whh to i^omintinicato with hJa follow^i oth^T than by mero 
inatiJictive <!moticiJiu! cnm and giimaces, sttcli lui nil twjL-iiil groups 
of amniftk employp ihe roonp cuniimg right bjind would naturally 
play an important part in such gesturics and signs; and, aJtliqugh 
tho on both aidts of tho face would be called into action in 

such moTements of the features as were intended to convey infonna- 
tiun to another fand not uierelj" to express the personal feelings of 
the indiiniluaDp Huch bilateral movements would certainly lie eon- 
trolled by the left side of the hraiOi because it avos already more 
liiglily educated* 

THE ORIGIN OF RPEECE. 

rrhis argument was elaborated to explain the origin of speech. 
The increasing ability to perform actions demanding skill and deli¬ 
cacy received a great impetus when the liftndg were liberated for the 
exclusive cultivation of such skill; thi^ perfection of cerebral eon* 
tnd over muscular actions made it pussiblo fc^r the ape-man tn loam 
to imitate the gotinds around hinip for the act of learning is a training 
not only of the motor centers and the muscles ctmcernedp hut ahio 
of the attention^ and the benefits tliat accrued from educating the 
hatids added U* tile power of contrfiding other mui^leSp such as those 
cqnccnied with urtkiilate spci^h. 

The usefuhiess of such power of imitating sounds could be fully 
realissed in primitive man, not only bci^auso he had developed the 
paru of the brain which made the acquisition of nuch skill possible^ 
but nJso bccaUHni he had acquired, in virtue of the dcTclopment of 
other cortical arcus, 5 he ability to reali 2 B the sjgiu^cance and learn 
the meaning of the sounds heard.] 

I do not prcpuHc to diicuss the tremendous impeiuH that the 
mventiou of speech must have given to human progress and intellec¬ 
tual development^ in enabling the knowledge acquired by each 
individual to become the property of the coinmunity and bo handed 
on to future generations, as well as by supplying in ivorda the very 
symbijU and the indispensable elements of the higher mental proce^ 

We are apt to forget the immensity of the Imritiige that htts 
como down to U-'^ from former generations of man, until we hegm 
dimly to reatisie that for the vast majority of manMnd almost the 
auiii total of their mental acti^dties consists of imitation or acquiring 
and using the common stock of beliefs. For this accumulation of 
knowdL^lge and its transmission to our generation we are almost 
whoUy indebted to the use of speech. In our forgetfulness of tin^^ 
fac.ta wo marvel at the apparent dullness of early man in being 
content to use the most roughly diipped fiinta for many thousands 
of years before he learned to polish them, and eventually to employ 
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tnjitcriiili belter suited for ttio mAuufiiiiitire of uiiplejnents am! 
wenpoug. But wluui wo consider how slowljr iuie] khotbusly primi- 
ti^'o mno scf^uired new ideas, anil bow sucK idoos^^ven Ihooo which 
aeeu] childshjy suaplo and obvious to us—were treasured as pHceiosa 
poasesanions and Unnded on Crora tribe to tribe, it t^oeomesincreasinglr 
difficult to Ijelieve in ibe possibility of the indepejideot ovoluiiun of 
similar cuatotns and invoiitioiis of any degree of complexity. 

The hypothcwiii of the "fundaioontal similarity of the workiiig uf 
the hurimn mijid" is no more potent to explaiii the identity of cua- 
toJiB in widely dilferent ports qf the world, the diatribution of mega- 
litluc ^ luoiiumeiits, or the first appearance of metals in jVmerica, 
than it is to destroy our belief that one man, one! one only, originally 
conemved tho idea of the mecliamcal uae to which steam could be 
applied, or that tho eiectric buttery was not indepeuiientlv evolved 
in each of tho countries where it is now in use, 

In these disemravo remarfe 1 have attempted to deal with old 
problems in the light of newly acquired evidence; to emjjhnsize tbe 
undoubted fact that the evolution of the primates aju] tho emfstgenco 
of tlie distinctively human type of intelligence are to be explained 
prummly by a steady growth and speoialization of certain parts of 
tho brain; that such a development could have oecurre^l only in the 
moimnalb, because they are the only plastic class of animals with a 
true oigan of intelliganco; that im arboreal mode of life started 
man's anocstora on the way to procminejH-o. for it gave them the 
agility; and the specialixation of the liiglier parts of the brnin inci¬ 
dental to aiich a life gave them the seeing eye; and in course of time 
also the uiidemtanding car; and that ail tlie rest foiloiv<<l !n the 
train of this high development of vision working on a brain which 
controlled cver-increasingly agik limbs. 

If, in puPBubig those objects, I may have seemed tt) wander far 
from the beaten paths of anthropology, as it is usually unHcislood 
m this section, mid perhaps encroached upon the domains of the 
Koologioi section, my aim has been to demonstrate that the solution 
of these problems of human origins, which have frequently cnenged 
the attention of the anthropologit-al section, Is not to bo sought 
nu-rely in compari.soti3 of man and the anthropoid npes, Hfim has 
enu^d not by the sudden intrusion of some new clement into the 
ape 6 ph^icttj structure or the fabric of hfa mind, but by the cuiminfl- 
tiori of tii^ prw-esses which have been operating in the same wav 
period ““’cwtors ever since the beginning of the Tertiary 

If I have made this general conception dear to you, however 
r tini& j I have marshaled the ^vidonce ajid with whateTcr cniditiea 
of pjychological statement it may be marred, I idiall feel that this 
itdtlrc^s has at«rved soini? useful purpose. 


THE HISTORY AND A'AniETlER OF HUMAN SPEECH.^ 


By lif. EuwAmt Sawr, 

TA* Cmutiiwu C4^iogimi Swny^ 


Pfrhups no smi^lo feature &0 niQjkMJlj off mai! ffcim trat 
of Ulc. animal wtirlil oa tho gift of whidt lie alone possesses, 

No community of nortnal human beings, be their adyence in culture 
ever so slight, has yet been found, or is ever likely to be found, who 
do not communicate among themselves by means of n complex sys¬ 
tem of sound symbols; in other words, who do not make uso 4 .tf a tirfi- 
nitdy organi 2 e<} spoken language. It is indeed one of the paradoxtsi 
of linguistic science that some of the most complexly organized lan- 
guDges are spoken by so-called primitive peoples, while, on the otlier 
hand, not a few languagts of relalirely simple structure are found 
among peoples of considerable advance in culture. Relatively to the 
modern inhabitant; of England, to cite but one instance out of an 
indefinitely large number, the Eskimos must be considen^d as rather 
limited in cultural development, Yot there k just as little doubt that 
in complexity of form the Eskimo language goes far beyond Englkh. 
I wish merely to indicate that, however much we may indulge in 
apeaking of primitive man, of a primilivo language in the true sense 
of the word we find nowhere a trace. It k true that many of the 
lower animals, for example, birds, communicate by means of various 
cries, yet no one will seriously maintain that such cries are compa- 
rabh’ te tlie conventional words of presant-day human speech; at best 
tliey mar be compared to some of our interjeefinns, which, however, 
falling outside the regular morphologic and syntactic frame of speech, 
are least tyiucal of the language of liuuiaR beings. TlYe can thus 
aafely make the absolute statement that language k typical of all 
human cotnmunitiefi of Unlay and of such previous times os we have 
historical knowledge of, ami that language, aside from reflos cries, k 
just os unty|>ical of all nonhuman forms of animal life. like nil other 
forms of human activity, language must have its history. 

Much ban been thought and written about the history of language. 
Under tlik term may bo included two more or less distinct linesa of 
inquiry. One may either trace tho changes undergone by a partic* 
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ular languai^ or group of lirnguages for oj^ long a period as the evi¬ 
dence at hand allo¥?¥ip or one may attempt to pass beyond tho limits 
of hiutorkdiy recorckKl or reconstruct’d ^poccli^ to reconstruct the 
ultimate origin of speech in generaij and Lo cotmect these remote ori- 
gim by means of reconstructed lines of dovelo|iment with liistorically 
attested forms of Bpeech. StiperficijiHj tlio latter sort of inquiry is 
similar in spirit to tlio labors of the (?xolutionary biologist, for in both 
apparently heterogeneous masses of iiiEiterial are, by direct clirono- 
logic testunonyj inference^ analogy^ and speculation re^hicCMl to an 
orderly historical aequenca. Am a matter of fact, however^ the recon¬ 
struction of linguistic origins and earliest lines of devctopmeiit ia 
totally ilifferent in kind from biological roconsiruction, as wo shall 
SCO presently. 

Taking up the history of language in tlie souse in wtueh it was firet 
deJinedp we find that thiTc arc two methods by which we can follow 
the gradual changes that a language has undergone. The ilmt and 
most obvious metliod is to study Uie literary remains of the various 
pmods of the language of wlilch we have record. It will then be 
found that not only the vocabulary, but just as well the phouetit^^ 
word morphology^ and syntactic structure of the language tend to 
change from one period to another. These changes are always verj" 
gradual and^ mthin u given period of relatively short duration, slight 
or even iruporceplible in amount. XevertJielcw^dp the cumulative effect 
of tliese aUght Ijugulatic dumges is, witli the lapse of timOp fso great 
that the form of speech current at a given timCp when directly com¬ 
pared with the form of speech of the same language current at a con¬ 
siderably earlier lime, is foimd to iliffcr from the latter much as it 
might from a foreign language. It ia true that the rate of change bos 
bifcn foimd to bo more rapid at some periods of ft language than at 
others, but it nevertheless alivays romoitia true that the changes them- 
s^olves aro not violent and sudden, but gradual in characten The 
documentary study of language history b of course tlie most valuable 
and on the whole the mo^t salkfactory. ft Bhould not be denied, 
however^ tliat there are dangers in its use. IdU^rari" monuments do 
not always accurately reflect the language of Ujo period; moreover, 
ortJiogniphio conservatism Iddes the phonetic ehongt^s that are con¬ 
stantly takliig place. Thus them is no doubt that the amount of 
change that English has undergone from the lime of Shakespeare to 
the prcdcnt b for greater than a comporbon of presont-day with 
EUzabetlion orAography w uidcl lead the layman to suppose, so much 
yo that I am quite convinced the great dramatbt would have no little 
difficulty iu making himself undemtood in Stratford-on-Avon to-day. 
For some languages a considerable amount of documentary hbtorical 
material b available. Thus, the literary monuments that enable us 
to study the history of the Englbli buiguago auocaed each other in a 
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practically unioterrupt^il aeries from the ei^th century A. 1). to tlie 
present time, while the course of development of (Ireck in its various 
dialects con be more or less securatciy followed from the nintli con- 
tiiry B. C*, a oonHCrvativo date for the Homeric poems, to the pruseufc 
time. 

For some, ui fart for niosl languages, however, literary monuments 
are cither not fonheoming at all nr else are restricted to a single 
pt'ritnl of short duration. At first night it would seem tluit the aei' 
eiitijjc study of such languages would luivo to bo limited to purely 
ilescriptive rather than historical data. To m considerable extent 
tJik is nct'cssarily true, yet an intetistvoatudy will always ^-icld at least 
some, ofteiiUtues a great deal of, iofenmition of a histonca] character. 
This historirai recnnstruction on the basis of purely descripiivo data 
may proceed in two ways, It is obvious that the various phoaetic 
anti granimatk^d features of a language at any given timo are of 
unequal antiquity, for they are the r^ultonto of changes that have 
taken place at very different periods; hence it is reasoruiblo to 
suppose that internal evjdetue would, at least within modest limita, 
enable one to reconstruct the rdativs chronology of the limguiigB. 
Naturally one must proceed very cautiously in reconstructing by 
means of internal evidence, hut it is oftentimes surprising how much 
the careful and methodically schooled student can accomplish in this 
way. Generally speaking, hnguistic features that are uregular in 
character may he coiisidcrcd as relatively artfhaic, for they ore in the 
nature of suiv'ivak of features at one time more widely spread. Not 
infrequently an inference based on internal evidenco can he corrobo¬ 
rated by direct historical testimony. One example will sufDce here. 
We have in English a mere aprinklmg of noun plurals in -c/i, such os 
Irdlirtn and arm. One may surmise that nouns such as these are but 
tlie last .survivals of a ty^ie formerly existing in greater abundance, 
Olid indeed a study of Old English or Anglo-Saxon demonstratea that 
noun plurals in -en were originally found in greatnumber but were later 
almost entirely replaced by plurals in There is, however, a fur 
mure pow'erful method of reconstructing linguistic history from 
il&»criptive data than interaal evidence. This is the compartson of 
genetically related languages. 

In makitig a survey of the spoken languages of the world, wo soou 
find that though they difTor from each other, they do so in quite vor^'- 
mg degrees. In some cosm the lUfferences are not great enough to 
prevent the speakers of tlie two Imiguagea from understanding each 
other w'itli a fair degree of ease, under which circumstances we are apt 
to speak of the two forms of speech os dialects of a single language; in 
other cases the two languages are rtot mutually intelligible, but, as in 
the case of Etiglish ajid German, present so many similariticH of 
detail ihui a belief in their common urigui sioims warrantcii and 
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nece35niiT; in still other cnfies the two huiguages iire at first 
glimce not iit jiU gintiWt but rereal on a ('ln«er study so many fun da- 
mental in commun tliat there seems just ground for suspecting 
ft common origin. If other languages can be found wliicii serve to 
lessen the chasm between the two, and particularly if it b ]>ossibie to 
compare thcjn in the form in which they existed in earlier periods, 
Ihb suHjdciun of ft coninion origin may be raisctl to a practical cer- 
tiiinty. Thus, direct romjjarison of Russian and German woulil 
certaudy yield enough lextcid and grammatical similmrites to jnstily 
one in susperlihig them to Lave divergc^l from ii common flounce j the 
prcKjl of such genetic reLatioriMhip, however, can not ho consiilered 
quite satisfactory until the oldest fonnig of GermEm spetM-h and Ger¬ 
manic Hprcch generally hsTe been eompnr&d with tbo oldest forms of 
Slavic speech anti until both of these have been f nrtlicr comparotl with 
other forms of speech, sueh as Latin and Greek, that there is reason 
to believo they are genetically related to. When such extenjiiive, not 
hifrequently dUGcuUi comparisons have been effe<dedp complete evi¬ 
dence may often be obtained of what in the brnt instunco would Iinvo 
bet‘n merely suspected. If all the forms of speech that can shown 
to be genetically xelfttefl are taken together and carefully compared 
among tllc^llst'■lve^;, it i» obvioua that much information will bo 
inferroil as to their earlier undocumented history; m favorable cases 
much of the hy|>othiiLScfd form of spoerh from w^hich the ava^ble 
fonus havo diverged may be reconstructed with a considarable degree 
of certainty or plauflibiltty. If under the term history of English 
we include not only documcntefl but such rac-onstructo*! history os hcis 
been referretl to^ wo can say that at least in main outline it h i>c^ibJe 
to trace the development ^ our language back from tlie jjresent day 
to a period antedating at any rate i GOO B. C. It is important to note 
tliat, though the English of to-day bears only a faint refill bliuicft to 
the hypathctk'id roconfltnicted Lndogormanio ffjjeechof say 1500 B. V- 
or eorher^ there eouhl never have been a moment from that tune to 
the jjretfent when the continuity of tho language was broken. From 
our priori tstanrlpoint that bygone speech of 1560 B, 0. as much 
ErigJish U3 it wm Greek or Sanskrit. The histoiy of the motlem Eng- 
Ibh wonls/ixi/ and its pluralwill iUuslrate both the vast dUFei^ 
ence between the two forms of sjieoch at either end of the Kcries end 
tlio gradual character of the changes that havo taken place witliin 
tho series. Without here going into the actual ovklence on wdilcrh 
the rftConstru{!iion$ are ba5c<h I shall meraly list the various forma 
whkh each word has hail in the course of its lustory. Starting, then, 
with/oo(—/irf, wid gradually going back in time, wo liave/uf— 
yS, f6i—fotir,f3t-^ti2, 

Jot—foHg^ /i^—/oJew, and finally pdJ— podes^ beyond 
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which our cfvidouce does not allow m to go; the 1*^1- fomiti find their 
reflex in Sanskrit pod— pddos. 

AH langUAgCfl thnt can be Khown to begeneticfllly rekted—thatis^ 
fco haTfl spuing from a common source—form a bisk^ric unit to which 
thf! term lingiiktic stcick or linguistic family is applied. If, now, we 
were inn position to prove that all kiiown forms of speech could be 
classified into n single linguistic etockj the apparent pnmlld above re¬ 
ferred to between Jingubtlc and biological reconstnjction would be a 
genuine ono. Aa it is, we must conlpot ourselves with operating vith 
disLmet and* as far as we can tellp ^netiealiy unrelated linguistic 
stocks. The docomeniaiT evidence and the reconstructive c^ddence 
gained by comparison onablo us to reduce the bewildering mass of 
known UnguHgetFi to a far smaller number of auch larger stock groups, 
yet the abwiuto number of the^e latter groups still remains dbquiet- 
ingly laige. The distribution of linguktic stocks presents grrat irreg¬ 
ularities^ h\ Europe there aro only threo such represented: the Indo- 
germanic or Aryan^ which embraces nearly all the better knowTi lan- 
giiages of the continent^ tho Ural-Altaic, the best known repre^nta- 
tives of wifi eh are Finnish, Ilungafiati, and Turldsh; and tlic Basque of 
scuthwestern France and northem Spain. On the other hand^ that 
part of aborigmol Xortli America which lies nortJi of Mexico alone em-r 
braces 50 or mens distinct linguistic stocks so far m known at pres¬ 
ent. Some stocks^ as, for instance, the Indogemianic jujst referred to 
and the Algunldn of North America, are spread over vast areas and 
include many peoples or { Kbefiof varyingciiltures; others, such as the 
Busf|ue and many of the aboriginal stocks of California^ occupy sur¬ 
prisingly small tomtories* It ia possible to adopt oncof two attitudes 
to wan I this phenomenon of the multiplicity of the largest known ge- 
tietic spoecli aggregates. On the one hand one may assume that thn 
dbintegrating effects of gradual linguistic change havo in many cases 
proilured such widely differing forma of speech os to make their com¬ 
parison for reeotistniciive purposes of no avail, in other wortls, that 
what appear to m to-day to be intlepeudeni linguistic tstocka appear 
such not because they are in fact historically ufireloted, but merely 
because the evidence of such historical connection has been so ob¬ 
scured by time as to be practically lost* On the other hand, one may 
prefer to see in the existence of mutually independent iinguislic stocl^ 
evidence of the independent beginnings snd deveiopmeut of human 
speech at different titnes and places in the course of the remote histoiy 
of mankind^ there U every reason to believe that in a similar manner 
many religious concepts ajftd other forms of human thotight and 
aeLivity found widely distributed in time and place have had multiple 
originsp yet more or less parallel df^velopments. It is naturally fruiu 
J«^ to attempt to decide bewteen the monoganetic and polygenetic 
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stMidpolnU! tore briefly outlmod. tlnit a comservalivc stuiknl will 

can* to do is to shrug his shoulders aud to sav, ‘'Thus far wo can go 
and no farther." It should bo said, however, that more intensive 
study of linguistic data is from time to time connecting Btocks tlmt 
had hitherto been looked upon as unTie!ale<I, Yet it can hardly be 
expected that serious reseatch will ever succcecj in ro<lucing the 
pre^nt Tiabol to a pristine unity. 

Although wo can not demonstrate a genetic unity of all forms of 
human speech, it is interosting to observe that there arc several funda- 
luental traits that all languages hove in common. Perhaps these 
fundamental similarities arc worthy of greater attention than they 
generally reeeive and may be thought by many to possess a high 
degree of significance. First of all, we find that in every known Ian- 
gu^o use is made of exactly the same organic apparatus for the pro¬ 
duction of speech, that is, the glottal passage in the larynx, the nasa! 
passages, the tongue, the hard and soft palate, the teeth and the lips. 
The fact that we am aciiustomcd to consider all speceh os self-evidently 
dependent on these organs should not blind us to the importance of 
the association. There is, after all, no n priori reason why the com¬ 
munication of ideoii ahotild bo primarily through sound symbols pro¬ 
duced by the apparatus just delinedi it is conceivable that a system 
of sound symbols of noises produced by the hands and feet might 
have been developed for the same purpose. As a matter of fact, there 
are many systems of thought transference or language in the widest 
sensa of the word, as a moment's thought will show, that are inde- 
pendont of the use of tho ordinary speech apparatite. The use of 
writing will occur to every one as the most striking example among 
ourselves. Among primitive peoples we may instance, to eito only a 
couple of examples of auch subeidiaty forms of language, the gesture 
language of the Plains Indians of Xorth America and the very highly 
developed drum language of several Alrienn tribes. From our present 
point of view it is significant to note that these and other such non- 
spoken languages are either, as in the case of practically ah systems 
of writing, themselves more or loss dependent on a phomdic system, 
that is, speech in the ordinary sense of Uie word, or else arc merely 
auxiliary aj-stems intemled to replatie speech only under very special 
rircu mat antes. The fact then remains that the primary and universal 
method of thought transference among human beitiga is we a special 
articulating set of organs. Much loose talk has been expended by 
certain ct^elogists on the relatively important place that gesture 
occupies in the languages of primitive peoples, and it has even b«n 
asserted that several so-caUed primitive languages are unintelligible 
without the use of gesture. The truth, however, is doubtless that 
the use of gesture is associated not with primittveness, but rather with 
temperament. The Busrian Jew and the Italian, for instance, non- 
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priiHitiTc na t hey ari-j nmke a fitr more liberal use of gestures arcom- 
pan 3 ^og speen’h tbim any of ilie nborigiDes of Xorth America. 

If wo examiae in a large way the structure of any^ given ianguagOi 
wo find that it h further charactcriaod by the me of a rlefinite pho¬ 
netic ^vatem^ that is, the sounds made use of in its words are mluciblo 
to a limited number of consonants and vowels. It does not seem to 
be true^ certain conLrailicling statements notwithstanding, tbut Ian- 
giiagcs oro to be found in which this phonetic definiteness is laeldng 
find ill which individual variation of primunciation takes place prao- 
iitallv without limit* It is of courHC freely granted that a certain 
amount of sound variation exists in every language^ but it is important 
to note that such variation ia always very limited in range and always 
takes place about a well-defined center* All known forms of speech, 
then, operate with a dehnitc apparatus of soundsj statements to the 
contrary v-iU in most cases be found to rest cither on a fauUy per- 
ception on the part of the recorder of sounds unfamiliar to his ear or 
on his ignorance of regidar sound processes peculiar to tho laDgutige. 
XatLjrally the actual phone tie syatems found in various languages, 
ho wever much they may resemble each other in this fundamental trait 
of dcfimtencsss, differ greatly in content, that is in the souiuLs actually 
employed or neglected- This is inevitable, for the vast number of 
possible and indeed e]dsting speech sounds makes an unconscioiis 
seloction necessary. Even so, however, it is at least notoAvorthy 
with w'hat porsbtency such simple vowel aounds as a and i and such 
consonants as n and $ occur tn alt part#; of the w'orld. 

Even morn Uian in their phonetic systems languages aro found to 
dhlar in tJiair morphologies or graniinaucal stnictures. Yet als«> in 
tills matter of grammatical structure a survey from a broad point of 
view diseloflfis ilia fact that tlicre arc eertain deop-lying aimilarlticSi 
very general and even vague in character, yel significant. To begin 
with, we find that each language is cliarMderr^jd by a ddinite iindt 
however complex, yet strictly ddimited grammatical s^-steni. Some 
languagt^ exhibit a specific typo of morphology with grearer dear- 
nesa or consistency than others, ivhile some teem with irregularities; 
\’et in every ca&o the structure tends to l>o of a definit-o and con- 
sistentl)" carried emt t.ypo^ tho grammaticoJ processSCH employed are 
quite limited \n number and nearly always dcarlj" dovdoped, and 
the logical categories tliat are E>dccted for granmiatical treatment 
are of a definite sort and number and expressed in i limited, however 
largo, number grammatical element^. In regard to the actual 
content of the various morphologies we find, as already mdicatod, 
vast differences, yet here again it is important to note with what 
persistence certain fundamental logical categories are refiected in 
the grammatical systems of practically all languages- Cliiaf among 
these may be considered the clear-cut distinction overj^vhere made 
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between donornimiting and puMliGoting t€»rnifi; tliat isi betwoen sub* 
jwt and predicate, ruughly spoakingt between, aiibstantive and 
wfh. Thfe d<K^ not iii>floa$arily knply tliat %V6 have in all cssra to 
doul with an nctimi differfince iit piioii^sLie form botwoen noun and 
verb, though aa a matter of fflct such dilTononces oro geueritUy found, 
but simply tlmt the Btnic-turo of the sentence i=i such as t-o show dearly 
that ono mem her of it b felt, by the speaker and liearer to have a purely 
denominating ufRoe, another a purety pmUcatiug one. It may be 
objected tlmt in Cliinese^ for instimccp there is no format rifetinction 
made between noun and verb. IVue, but the logical distinction of 
Hubjeot and predkiato b reflected in the form of the Cliinese sentence, 
inastnuch aa the Bubjwt regularly precoclo? the prodicate; thus, 
while tlifi aantfl word be either noun or verbp In any particular 
sentence it necessarily b definitely one anti not the other- Other 
fundjunentAl loghsiil categories willj on a mciris complete survey, lie 
found to be subject to graninmtical treatment in all or nearly all 
languages, but this b not the place to he anything but merely 
suggestive. Suffice it to remark on the widespread aj'stematizing 
of persona 8 rolationfl; the widespread deTelopment of ideaa of tenscj 
number^ ami syntactio case relations; and the clear grainmat iraj 
expn^iori overywhere or uparly everywhere given to the largely 
emotional dbtiuetlon of cli^clarntivCj ioteiTogativet and imperative 
modi^. 

Gran bed tha t tliero am certain general fuRdaiuemal traifia of smii- 
Isrity in all known languagesi the problem arises of how to explain 
these aimilaritijGa. Am they to l>e explained historically^ as sur¬ 
vivals of features deep-iwited in an earliest form of human speech 
that, despite the enormous differentiation of langtiago that the lapse 
of rtgea has vi'Toiiglu, have held their own to ttm present day, or are 
they to bo espluined psychologically as duo to the existeuco of ijihorent 
human mental diarrtcU™tics that abide regardless of time and jmeo ? 
If the latter standpoint be preferred, wu shoutd be dealing alth a 
phonomentm of parallel development- It is of course inipo^ible Lo 
decide CHtegoricnHy between the two oxplanallonH that have been 
offered, though doubtless the majority of atudents would incline to 
the psychological rather than to the historical method. At any 
ratOp it Is clear that we can not strictly infer a monogenetic theory 
of speech from the fundamental traits of similarity that al! forms of 
speech exhibit- Yet even though these are of psychologic rather 
thati bistorie Interest, it is important to have demonstrated the 
existence of a common paycholnpeal substratum, or perhaps wo had 
better say framework, w^hich is more or less clearly evident in aU 
languages. This very substratum or framework gives the scientific 
study of lungmigo a cohoruneo and unity quite regardlcfls of any con- 
sidcradons of gonetic iflationship of languages- 
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In Bpit<* itf Ihe fact that, as wo Iiavi- awn, no taiifqblo ^'^'idence csn 
be brf>upht to bear on the ultimate origin or origins of speech, many at¬ 
tempts have been made, partkuliirly in the first half of tho lunotoenth 
cimtury, when it was moro common for historical and pluloaophical 
prcibleios of extreme difiiculty to be attacked with alacrity, to point 
out the way in w^hich human speech originated or at least might ha we 
originated. Frem the very nature of tho coso dn»e attempts conhl 
not but be fleductive in method; hence, however plausible nr in- 
gimious in themBclvos, they have at l>est a merely speculatii'e, not 
a genuinely sciontihe interest. Wo may therefore iiispenso with 
anything like a detailed inquiry into or criticism of these theories. 
Two of the moat popular of them may h« respectively termwJ tho 
onomotopnetic or soimd-imit alive and the exclamatory thoories. 
Acscortling to the fomicr, the first words of speecit were onomato- 
puetic in character; that is, attempts to imitate by the nieiiinrn of 
the human organs of speech the variiius cries and noiie's of the 
animato and inanimate world. Thus tlie L|et\ of a "hawk’^ woo hi 
come to bo expressed by an imitativo VDcablo based on the actual 
screech nf that bird; tho idea c^f ti *'rock’' might bo exjrrcsijeil by 
a combination of eounfls IntenthHl in a crude way to reproduce the 
noise t>f a rock tumbling dow'n hill or of a rock sl.riking against the 
butt of a tree, and so on mdednitely. In course of time, us thirsty inii- 
taliv ‘0 woixls by repeated use liecamo more definitely fixed hi phonetic 
form, they would tend to take on more and more tho character of con¬ 
ventional sound symbols; that is, of w-ords, properly speaking. Tho 
gradual phonetic modifications brought on in the further ccurso of 
timo would finally cause them to lose their original onomatopocric 
fonn. It truly be fn.’cly granteil tliat many words, particularly cer¬ 
tain nouns and verls hardug refercnco to auditory phenomena, may 
have origmated in this way; indeed, many languagt'S, among them 
English, have at various tuiu.'S, up to and including tho present, 
made use of such onomatopoetio w'nnls. It is difficult, howiw'cr, to 
see how tho great mass of u vucahiilary, Jet alone a complex system 
of morphology atwl syntax, could have arisen from an onoitiato- 
poetic Bonrcft alcme. The very fact that onomatopoetic wonls of 
relatively recent origin are found here and there in sharp controat 
to tho overwhehmngty larger iion-onomotopootic portion nf the 
language accentuates, if aiiydiing, the difficulty of a general cxplaiia- 
tion of linguistic origina by means of the onomatopoetic theory. 

The cxclumatory theory, as its name implies, ivould find the earliest 
form of speech in reflex cries of on emotional character. TJiese also, 
like the hypotlietioal earliest worils of Imitative origin, would in 
couise of time become conventionaJlxcd and sooner or later so modi¬ 
fied in phonetic form oa no longer to betray their exclamator}'origin. 

S530O°~sa 1012-3S 
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The ciiticbins ur^d agtunst the onom^topoctic theon* Apply with 
perhnps even greater force to the cxclamatoty one. It ii, if anything, 
oven, more difficalt here than in the former caito to see how a small 
vocabulary foiinded on reflex cries coiilcl ilcvolop into such romplei 
lingtiiistic eyatema as wc have actually to deal with. Tt ia further 
significant that Imrdly anywhere, if nt all. flo tlie mlcrjcctiona ])ky 
any but an incoiiHidernble, ahnosi negligible, part in the lexical or 
grauimiitical □lachuieiy* of langtiogp* An approt to the languagtis of 
primitive petJpina in order to find in them support for oil her of tho 
two thrones refmeti to is of little or no avoil. Aside from the fact 
that their elaborateness of stmclnre often seriousiv tniiitaii's against 
oiir accepting them as eMdence for primitiv« contUfions, we do not 
on the whole Imd cither (lie onomatupoetic or exelamator^' elenients 
of relatively greater hnporlanre in tJiem than elsewhere, Itifierd 
the lav-man would he often siirijrwed, not to say diauppointefr, at I he 
almost totJd absence of unoma toper tic traila in many jVmcrican 
Indian languages for instance. Tn Chinook and relateil" dialects of 
the lower course of the Columbia, onomatopoesis is developed to a 
niore than tisiial extent, yet, as though to cmphitsbe our contention 
with an apparent paradox, hardly anywhere is the grammatical 
nu'chaniiiiti of a subtler, anything but jirunitivo eharactor. Wo are 
fcroeii to conclude that the evistonce of ouomatopuelio and cxclama- 
tory features is as little correlntOil with relative primilivonesa as we 
hflvp found the use of gesture to Iw. As with tlie two theories ..f 
on^i we have thus brieily examined, so it will Iw fouml to bo with 
other theories that have bisca suggcstofl. They can not, any of 
them, derive support from the use of the aiguuient of survivals in 
bUiOfici^y knoam languugrs- tluy nil nsluce themselves to morelv 
Bjieculative doctrines. ^ 

So much for general consiflerations on language history. Return¬ 
ing to-tho gnidual proceai of change which has been seen to bo charao- 
lenstic of all speech, wc may ask otimclvtw what is the most centnd or 
basic factor in this never-ceasing flux. Undoubtedly tlic answer 
must be: Phonetic change or, to put it somewhat more concreteh', 
minute or at any rate reladvelj' trivial changes in pronunciation of 
vowel; na*l consomuitn which, having crept in somehow or other 
assert ihei^lves more and more and end by replacing tho older 
pronunciation, which becomes otiJ-fashioned and finally extinct. In 
ft gcoerol way wo can undoistand whj' changes in pronunciation 
ohoiilrl take place in tho coumo of time by a brief coaaideration 
of the process of language iGoniuig. Roughlv spealdng, we learn 
to speak our mother tongue by imitating tho*daily speech of those 
who auiTound us in our childhood. On second thoughts, however 
it wUl be seen that the process involved is not one of direct 
imitation, but of indirect imitation based on inference, Any given 
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wore! |» pronuuacffH by a giiuccsaion of various moro or lt«g compU- 
catofl Arijustmunts of tUo s|>i<!och oi^gans. Theso adjustments or 
articnlfltioiw pfivd riBo to deluiitp acoustic c^Tocts, effects which, m 
riieir totality, constitute speech. Ofaiiously, if the child'a iuiitadvo 
dforts wero diract, it would hflvc to copy as doscly ns possible ths 
speed) articulations which ftro the fiirect source of what it heats. 
But it is still taoie obi'ions that these speech articulations ore largely 
bm-ond the power of observalion and hence iniitation. It follows 
ihnt the actual sounds, not the articiilalions producing them, are 
imitated. This means that Urn child is subject to a ver^- considerable 
periofi of random and, of course, wholly in^mluntotr e.^peiimenting 
in the production of such articulations as wouhl tern I to produce 
sounds or combmatiotu} of souncis approximating mnr© or leaa closely 
those ilio child hears. In the course of this experimenting many 
failun^ are protluced, many partial successes. Ths Articulations 
producing tint former, inasmuch os they do not give rt^ulta that 
match the sounds which it WiB intenried to imilato, have little or no 
associative ])ower with these sounds, hence do not readily form into 
iinbits^ on the otlier hand, artieulatioas that produce successes or 
comparative successes will naturally tend to become habitual It is 
easy to see that the indirect manner in which speech articulations itre 
acquired nece^itates an clement of orror, vety slight, it may be, hut 
error nevertheless. The habitual articiilatiotis tiiat have establ^ed 
themselves in the speech of the child wili yield auditoiy results that 
npproxiniate so closely to these used la speech by its ehlem, that no 
need for correction ivill bo felt. And yet it is inevitohle that (ho 
sounds, ut least some of the sounrls, actually pronounced by the child 
will differ to a muiute extent from the corresponding sounds pren 
nonnccfl by these elders. laasmuch as every word is composed of a 
daltniie tiumbo- of sounds and as, furthermore, the lang)iagB makes 
use of only a limited number of aoimda, it follows that corresponding 
to every sound of the language a definite articulation wiR have 
become habitual in the speech of th* child; it follows immediately 
that the 8%ht phonetio modiiications which the child has iiLtroduccd 
into the words it uses are oonsistent and regular. Thus if a vowel 
a has aasunitHl a slightly different acoustic shade in one word, it will 
have iiasumcd live some shade in all other cases invohing tho old 
a-vowcl used by its oldem, at any rate in all other cases in winch tho 
old flpvowel appears tinder parallel phonetic ciroumstancos. 

Here at tho very outset we have iiluetrated in the individual (he 
regularity of what have come to be called phonetic laws. The term 
"phonetic taw*' is justified in so far as a common tendency ia to bo 
discovered in a largo number of individual sound chongw. It is im¬ 
port atit, however, to understand that phonetic law is a piimlj historio 
concept, not one comparable to the laws of natural science. The 
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latter may ho said to oiKsTute ivgardli,^ o( particular tiiKc» and 
placesj while a phonetic Uw ia merely a gener^zcd situtement uf a 
p^^cess that took place in a rctitrictcd area within a definite period 
cpf time. The real ilifficulty in the undemtanding of phonetic change 
in language lies not in the fact of change it^Uj nor in the regularity 
with which euch change proceed?? in all cases affected, but, ahoTe al4 
in the fact that phonetic changes are not merely individual, but social 
phenomena; in othi^r wnttb, that the iq»ecch of all tho meinl;eni of a 
community in a given time and plaee unclet^nea certain regular 
]ihc>rictic changes. Without here attempting to go into the d^taib 
of this process of the transformation of an individual phonetic pe¬ 
culiarity into a BO<^!ai one, we will doiibtleae not he fjir wrong in 
asBuming that iinifcrniity is at first brruight about by a pn.»ce®i of 
iinconscioug imltaliou, mutual to a^ime extent, among the younger 
Kpeaki^rb of a restricted localitjy later, iwsrhaps, by the hiJf-c^mscioiia 
Hcloption vt tho new speech peiniliarity by apeiikera of ncighLkiring 
localitiest untile finally, it has spread oitber otct tho ondre area in 
which the language U apuken ut over eume ddlnitc p<n*tion nf it. In 
tho former caae the hkturic continuity of tho language as a unit ia 
preaervod, in tho latter a dialectic peculiarity hoa oji^rrkrc] itself* In 
the course of time other phonodc peeuliarifiea £]>rc>3nl that servo to 
accentuate the dialectic division* However, the ranges of operation 
of the different phonetic laws noed not be cotenninoue, so that a iict- 
w'ork of dialectic groupiaga may develop- At least some of the 
dialecte will diverge pbonetically more and morCp until in tho end 
forms of speech will have (Icvelopcd that deeervo tn be callinl ilh* 
tUict languagi^. It can not be deniod that, particularly after a c:ou- 
tiidejable degree of divergence has been attained, other tiian purely 
phnnetk characteristii^ develop to accentuate a difference of dialect, 
but every linguistic student is aware of the fact that the nu^st cosily 
formulated and^ *m the wheje, the meet characteristic differences 
between dialects and between langungca of the same genetic group 
are phonetic in character. 

True, some one wUl say^ changes of a purely phonetic character can 
be shown to be of importance in the hisU>ry of longiiage^ but whut of 
changea of a grammatical sort? Are they not nf equal or even gn^atcr 
Importance? Strange it may seem at first blush, it can be ciem- 
onstrated tiiat many, iwrhaps most, chjuigea in grammatical form ate 
at last aualjBU? due tcj the oi^erntloni of phonetic IowHp Inasmuch 08 
thesse phonetic lawa affect the phonetic form of grammatical dementi 
aa well aa of other Imguislie material, it follows that such eiemente 
mnj get to have a new bearing, as it were, brought about by fiieir 
change kt actual phonetic content; in certaiti caees^ what was originally 
a sin^e grammatical ekment may in this way cotno to hava two dLs- 
tinct forms, in other cases two originally distinct grammatical do* 


VAMETTeS O? HUMAN SPEECH—SAPH, 


5S5 


tnents may comp to have the eame phonetic appcarajiccj bo that if 
circ'UJiiBtances aie favomblo^ the way is paved for cordoBion and re¬ 
adjustment. Briefiy atatod, phonetic change may and often does 
nece^itate a roadjuatment of morphologic groupingB. It will be well 
to give aji example or two from the hititoTy of the English language. 
In another connection wc have bad ocension to briefly rt'view the 
hiBti>ry of the wortb/ool mdffd. Wo saw that there woh a time when 
thene w'ortla had ressfpectively the form/di andyori. The final vvowel 
of tile second wi.*id colored, hy a process of assimilation which k gen¬ 
erally referred to m “umlaut/* the 5 of the first syllabkt and made it q, 
later unn>unded %o d; the final after being flulled to an e, finaOy 
dmpped off aftiJgether. The form fdti thiiH step by step ^levdoped 
into the laterwdiicli is the normal Anglo-Saxon form. Note the 
result. In fdti ancl other words of its iypB the plural is exjjiresscd 
by a distinct suffix in fit j us in m4xlpni English and in wortk 
of eom-aponding form it is expressefl by an internal change of ViiW'id. 
Thii^i an eixtirciy new gnunmatieal feature in English, a*! oUh* in 
quite parallel faahiim in German, wiis brouglit about hy a serifH of 
purtdTphonetk- uhanges, in diemselves of no grammatical significaiice 
whatevt^r. 

Such grammatical ilevciopmenta on the bask of phonetic cluwigcs 
have oecurred with groat frequency in tins history of language. In 
the long run, not only may in this way old grammatical featuiw bo 
lost and new^ ones evolved, hot tho entire morphohjgie type of tho 
langiuLge may undergo profound inodiG cation. A sirikifig example 
is furnished again by the of the English language. It m a 

well-kjiowii feature of Englkh that absolutely the same word, pho~ 
net.iriiJly ai>eakjjig, may often, according to ito syntactic emplov- 
mciit, be eonatrued verb nr as noun. Thus, wc not only love and 
ic'm. but we diwi give our Itm or a that k, tho wnida l&v€ and 
may be iiicUffcTcntly used to predicate or to dononunatii an aciivitv- 
Tlii^re are bo many e.xamplea in Englkh of the formal, though not 
ajnjtiu-tic, identity of noun stem and verb stem that it may well bo 
said that the EngIlsU lutiguage is on the way to biicotne of a purely 
analjnie or kolating tj-pc, more or Jess similar to that of Chme^se, 
And yot the typical Indogermanie language of earlier times, as rep¬ 
resented say by Ijatin or GreeJe:, rdways inakea a rigidly formal, not 
merely syntactic, distinction between these fundamental parts of 
specolu If we exantine the history of this truly significatit change of 
type ill Briglkh, wc shall find that it has been due at last analysis to 
tile operation of merely phonetic law^. The original Anglo-Saxon 
form uf the infinitive of the verb kis» was eyaaan, wdiile the Anglo- 
Saxon form of the noun wiia eyas. The forms m eariy middle Etig- 
Jl'ih ilmt* IkiciHHc dullixl to and nKpc-etively. Filial unae- 
ceutoJ -n liiti^r rt'gularly drupih'd i^ff, so that tile iiilmiliivo of the verb 
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came to bo Ld Cbfttrcer^ii diij the verb mid the iiaun wre 

still kept Hpm-t aa mid Hss, respcetlvdy? hitcr on, ^ a fbml 

ujiftccented ^ regularly dropped oil, became ki^s, m that there 
ceaiMxl to be any lormal difTerenco between the verb and noun. The 
history of the Anglo-Saxon verb IiijJan to love'' mid noun Infu love” 
\im b^ii quite parallel; the two finally became confueed in a ftingio 
form luVf modem Engli^ hve- Once the pace hag been act, so to 
iipeiih. for mi inteidmnge in English between verbal and iiomitial la^o 
cd the same Word, the procesfl, by the wnrimig of aimple lUndo^, 
h made to apply ako U> cases when* in origin we have to deal with 
only one part of speech; thus, we may nut only have a Kick 
hut we may ^Umach an injury [noun becomes verb), and^ c<niveTHeIy, 
we may not only umk up a iierson^ but he may get a wriU wp (verb 
becomes noun). It has, 1 hope, become quite clear by thia time how 
the trivbd changes of pwtiunciation that are necessitated by the very 
procf^s of fijMJcch acquirement may, in due couree of time^ profoun<Ily 
ehmigc the fiinilamerital tharactoristies of language. So ako, if 1 
may he pardoned the ^ise of a simile, may die slow erosive action of 
water, continued through weary ages, profoundly transform tho 
character of a landscape. If there h one point of liistr>iic nicthod 
rather tlmn another that the scientific study of language may u^tuch. 
other historical sciences^ it k that ehaitgee of the greatest magm- 
tude may often be traced to phenomena or processeij of a inhiimol 
mugnitude^ 

On the whole, phonetic change may bo said to be a destruetivo or 
at last transforming force in the history of language. Referenoo has 
alrofuly been ma<.le to tho lufluenco of analog}", which may^ on the con- 
tran% bo conmdered a pTX3scrvative and creative force. Li every laTi“ 
gu age the axis dug raorpbnlog ical groups ostablL^h more or less dafEiiite 
patl^ of analogy to which all or practically all the lexical nifttenal is 
subjected; thua a recently acquinotl verb hko to feU^aph in English is 
handle^;! hi strict analog}" to the great mass of old verbs with thair rmy- 
hig forms. Such fonivi as wulkv and ht laughs set the precodeat 
for hi. Ulegraphs. fonns like walking and laughi^ lor irkgraphing. 
Witboutauch eleax-cut grooves of analogyj indeed, it would bo hn pos¬ 
sible to learn to spoak^ a coroUniy of which is that there is a limit to 
tho extant of grammatical uTegularity in any lauguago^ When^ for 
ioma reason or other, oa by the disintegrating action of phonetic laws, 
too groat irregularity tnanifosts itself in the merpholog}^ of the lan¬ 
guage, tho force of analog}" may oaaort itself to cst&bUsh comparative 
regularity—that b| forma which helnug to UUdofinOfl or sparsely repre¬ 
sented morphologic groups may lie replaceii by equiTalcut forma that 
follow tho analogy of botier-ilcfiiied or more numerously represcoted 
group®. In thk way all the noun phi rale of E ngiLsh, if we excci^t a 
few siirvivaLs like/fff and liave come to bo clinracteriaed by a 
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flufFi.Wfl -s; the ursaJogical power of the old -a plurals was strong 
onuttgh lo transform aU otter pltimls, of which Anglo-Saxon pt^soflsod 
aoyeral distinct types. The groat power exerted by analogy h seen 
111 the persisteci^ with which children, whose tiiliuls are naturaliy 
unbiasixl by tra^litionj use auch forms as/oo/^ and he awimmed. Lot 
lis notsmilo too condea-eeiidiDgly at the use of auoh. forms; it may not 
Ijo going too far to say that there ia hardly a wonl, form^ or sound in 
prccyont-day English which was nut at its first appearance looked 
upon as incorrect. 

The disintegrating infiueace of phone tic change and the leveUtig 
influence of analog}" are perhaps the two main forces that make for 
lixign istic change. The yarious influences, however, that one language 
may exert upon another, generally su mme^l U]> in the word * 'borrow ing,' * 
arcs also apt to be of iinpertancse, M a rule such influence is limited 
to thes tat^g over or borrowing of certain words of one language by 
aiiolhLT, the phonetic form of the foreign word almost always adapt¬ 
ing itself to the phonetic s}'^tem of the borrowing language. Besidi-a 
this Yer>" obvious sort of influ enoo, there are more subtle ways in which 
one language may inSneiiCe another. It ia a very noteworthy phe¬ 
nomenon that tho languages of a continuous area, even if geneticaHy 
unrelated ami however much they may dilTer among themselves from 
the point of \hw of morphology, tend to have similar phonetic sys¬ 
tems or, at any rate^ tend to posses certain distinctive phonetic traits 
in common. It can not bo accidental, for instance^ that both the 
Slavic languages and some of tho oeigbboring but absolutely unrelated 
Ural-Altaic languages (such a» tho Cheremiss of the Volga region) have 
in common a peculiar dull Tow^ch known m Hussian as ytrrf, on d ako a 
of palatalized or so-called * 'aoft^' consonants alongsi<le a parallel set 
of unpalatalized or so-callofi ^^hardi" consonants* Similarly, we fln<l 
thatChifieso and Sianicse have iii common wnth the uimflatcnl Aimamite 
and certain other laiiguageii of Farther India a system of musical 
accent. A third very striking example is afforded by a largo number 
of American Indian linguistic stocks roacHlng along tho Pacifie coast 
from southern Alaska well into Califotifla and beyond^ %vhich have in 
common peculiar voiceless i-soun^ls and a aet of so-cailed ‘ Vfortia'^ 
consonants with crackex:! acoustic cfTect- It is obvious that in all 
tbf^ coses of comparatively uixiform phonetic areas, embracing at the 
aamu time diverao linguistic stocks amJ types of morphology^ we must 
be dealing edUi some sort of phonetic influence that one language 
may exert upon another. It may also be shown, though parhaps Icsa 
frequently, that some of tho morphologic traits of one language may 
be adopted by a neighboring, sometimes quite unrolatdl, languagUj 
or that certain fundamental grammatical features arc spread among 
several unrelated Ungu tkj stocks of a con linuous arc^a. One example 
of thb sort uf influenoo will serve for many* The French e.xpress the 
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Dumbors 70. SO^ and 90, n^pE^ctivdy, by Uarms meaning 60-10, 4 
and 4 twotities 10; thtse niiinorals, to which tliore is no 
analog}' in Latin, have l>ecii plausibly ei^plamed as survivals of a 
vigesimal method of counting—that b, counting by tivcntits—the num- 
bcjr^ above 20, a method that would sootn to have been borrowed from 
Gallic, a Celtic language, and which sGll survives in Gaelic and otlicr 
mcxiern CeUk languagt^, Thb esainple is the more striking m tlic 
actual lexical influence which Celtic hasi exerted upon French u 
sutiirbmgly small. ^ much for the influence of bomiwing on the 
his ton' of a language. 

We may turn now to take up the matler u! the varietiea of humim 
speedi- One mothod of classify big the laiiguag£)ti of the world has been 
ftlroa<iy refenr^I to; it may bi^ termed the genetic motliod, inasmuch 
m it employs ns iis cfiicrioji of classiflcalioii the domonsirable rclaliao 
of certain languagis as divergent forms of some okler form of 
As w e hnve. already seen, the Utiguis tic stocks vrhicli w e thus get as our 
largest units of sjwech are too immcrous 1<J Bon'e as tho simpk^t pos- 
aiblo reduction of the linguistic material to lie chx^^ifled. One natu¬ 
rally turns, then-fore, to a psychological clasaification, oncin whicli the 
classificalory eriterioiiis thefundttmentid morphological tyiH> to which 
a particnliir language or stock b lo WK^igitCfL Such a clii.^ificaticm 
of morfihcdoglcal types may prooiMsd from dilTcreiit points of view, 
varying ompba^^b l>tmig hiid on this or tliat featlire of morphology. 
It is dear at the outset that we have to ilistingiikh bet worn what wc 
may call iho subji^t matter or coideiil of morphnlogj" and the mere 
form pure and simple. Any grammatical sysl-em gives formal oxpres* 
aion to certabi modes or categoriea of Umugbt, hut the manner of 
exf^n^ion of these categories or the formal methoil employed mny 
var>- groatly both for iliffereut eategoriry ami for different languages* 
Not infrequenlly the aame logical category may bo oxpri-ssed by 
different formal methods In the same lauguago. Tliiis, in English the 
negat ive idea Is cxpi'csaetl by means of ihroo distinct formal methods. 
exempUflml liy vnirulhfuL with its use of a prefix un^, w'hich can not 
occur as a fredy uiovablo w oril; hopchss, with its use of a suffix -IfJiJf. 
wrhich agam can not occur os a freely movable w ord; and not ^ood^ in 
which the negaitveidea is expressed by anckme-nt (not) that has enough 
mobility to justify Ita being considered an independent wonL Wo 
have hcrt?p ilien, three formal proecssoa illustrated to which may be 
aasigDCil tim terms pretbring, suffixing, and juxtaposing in definite 
order. While the same logical category may gmmmaticaUv 
expriLssoil by diilerent formal methocb, it is even more cvUlent that 
the same general formal method may tie utdkcfi for many different 
categoriii^ uf Uiought. Thus, in Ejiglish the words ioakr^ and w&tk&l 
ufM> the same methcKl of aufExing grammiiiical elements, the one to 
express the concept of plurality, tho uthtw that of past aclmty. Tlie 
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words fett and steam . furthermcHW, raapecliTelj- axprcss the same two 
coiici’tita by the use of au entirely dbdnct fonual mcthoci, that of 
intontal vowel change. 

On the whole one fijjdfl that it b possible to diatinguUh between two 
groups of grninmaticflUy expressed logical eat^oiies. One group 
may be tharac lerized ns (terivational; it embraces a range of concepts 
expressed bv granimatioal elements that serTo to limit or modify 
the signification of the word subjected to granmuitical treatment 
without Borioualy dTeeting its relation to other words in the sentence. 
Sue!) merely derivational elernenta are, in hlnglish, prefixes like 'un~, 
Bufiixes like -less, agentlvo euflbies like -er in haher, and iiumeroiia 
others. Tho second group of logical eoncepta and correaponduiE 
granunaticsl eJemenls may bo charactemcfl na relational; they not 
jnerclv serve to give tho word affected a new increment of meaning, 
as h the case with the first group, but also ossi^ it a defimto syn¬ 
tactic place in the sentence, defining as they do its rdation to other 
words of the sentence. Such a rdationaJ gnmunatical dement, in 
Kiiglidi. is the plural -s stiflii; a word, for instance, like toots differa 
from ita corresponding singular hooi not moroly in the idea of plurality 
conveyed by tho suffix -s, but in that it assumes a (UlTerciit grammat¬ 
ical relation to other words in tho sentence—a book m, but books 
are. Such relational dements are, furtheimore, the case and gender 
6ufiixe.s of nouns and adjectives in Indogermanic languages; further^ 
more, the pnrsonnl ejniin^ and tense suffixes of verbs. On tho whole 
it may Im said that derivational elcxncnta are of relatively more con¬ 
crete jagnificalion than the relational ones and tend to become more 
thoroughly welded into a word unit with the baste word or stem to 
which they are attached or which they affect. This statement, 
however, is only approximately of genend application and U subject 
to numerous qualifications. The greatest degree of concreteness 
of fni-nTii njT ooiireyed bj’’ derivational elements is pfobahly altnincd 
in many, though by no means nil, American Indian languages, where 
ideas of largely material content are apt to be expressed by gram¬ 
matical means. To this tendency the name of polyeynticais has 
been applied. Thus in Yana, an Indian language of northern Cali¬ 
fornia, such ideas os up a hiU, across a creek, m the fire, to the east, 
from the floudi, immediately, in vain, and a host of others are oxpresaed 
by means of grammatical auffisea appended to the verb stem; so 
Blau in Nootka, an Indiim language of Vancouver Island, so highly 
special ideas as on the liead, in the hand, on the rocks, on the surface 
of llie water, and many otlmre are similarly expressed as suffixes. 
It is important to note that, alihougb tlie distmction hot ween deriva¬ 
tional and relational gi'ERimatical elements wo have mode is clearly 
reflected in some w-ay or other in moat languages, they diifer a peat 
deal as to what particular concepts are treated as rrapoclively 
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(IcrivtttioQBl or rf^iAlioiiiiJ, .Such concepts as those of sex genttcfi 
number, and tense, which in Indogermaiu'c are expressed aa rela¬ 
tional dements, are in other linguistic stocks hardly to be separated, 
as regards their grammatical treatment, from concepts treated in a 
clearly derivational manner. On the other hand, demoastratiro 
ideas, which in most Indogermanic languages receive no relational 
syntactic treatment, may, aa in the Kwafciutl language of British 
Columbia, serve an important relational fttnetioo, analogous, say, 
to the Indogermanic use of gender; just as in Liittn^ for instance, 
auch a sentence us "I saw the big house” is expressed by “f-saw 
house-juasculine-ubjective big-masculme-objectivc,” with a neceasarv 
double reference to the concepts of case relation and gender, so in 
Kwokiutl the sentence ” I saw the house” would have to bo ex]>re 33 ed 
by some such sentence aa ”I-saw-th6-objeetive-ncar-you house- 
vinblfr-nsar-you,” with an anaJugous necessary double reference to 
the demonstratiYO rdations inyolred. If, now, it has been ahovvn 
that lit* necessary correlation exbts between jrurlicular logical con¬ 
cepts and tlie formal method of their grammatical rendering, luid if, 
furtlicrmore, there can not even be shown to bo a hard and fast lino 
in grammatical treatment hotween concepts of ii derivational and 
cencepia of a more de&iite relational ebaraetdr, what becomes of the 
logicid cutegoiy' per ^e as a criterion of linguistic elnssification on the 
buid.s of form i Evidently it fails us. Of however great psychological 
interest it might be to map out the distnbution in various linguistic 
Stocks of logical concepts receiving formal treatment, it is clear that 
no satisfactory fonnal clasaiGcatlon of linguistic types would result 
from such a mapping. 

Having thus disposed of tho subject matter of linguistic morphologv 
as a olassificatoiy critorion, iherw is left to us the form pure auil 
ample. Here wo are confronted firet of all by a number of formal 
grammatical methods or ^ocojt&es. Those, being Joss numerous than 
tho logical categories which they expresa themsclvw, and, further¬ 
more, l>chg on the whole more eosdy defined and recognmeil, would 
seem to lend thom.5olvaa more easily to classificatory' purposes. Tho 
simplest grammatioal process is the jujiaptmTig ofwordt in a d^Tiitf 
cfder. a method made use of to perhaps the greatest oxtent by Chinese, 
to a very lar^ extent also by English; the possibilities of tho precoa 
from the point of view- of gFommatical eifoclivenoss may bo iUiis- 
treted by comparing such an Engliah sontenco as "Tho mim killed 
tho boar” with "Tho boar idllod tho man,” tho actual words and 
forms being identieol in the two sontencos, yet definite case relations 
being clearly expressed in lx)th. A somewbat ti imllHr proeesa, yet 
easily enough kept apart, is ampotmding; that is, the fusion of two 
Words or indeifoiident stems into a firm w'ord unit; tho process Is par¬ 
ticularly well developed in English, as illustrated by ivonis like fuii^ 
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fmj and wndere^TiiiUet Mid indeed is found wid<ity ^pr^d among the 
most diTor^ lioguistic stocks. In some languages, as in tiia Sioux 
and Puiuto of our o^m countty^ oompounding of verb stems is fre- 
quentp as illtialrated bv such forms as fo ml-siiind; that is, fo 
standing; on the other bond, m not a few UnguisLio stocks, as the 
\ride 3 preftd Athabascan stock of North America and in the Semitic Inn- 
guegoSp coinpoimding as a regular process is aliiiogfc or entirely lacking. 
PerhtL|is the most comiaonlj' usad formal method of all is a^xing; that 
is, the apj>Qndmg of grammatioal elements to a word or to the body 
or Btem of a word; the two most common Tnrietiea of affixing arc 
prefixing and isuffixing, examploe of which have been aJraadj given 
frum EuglMi. Probably the majority of linguistic stocks make use 
ef Loth prefixes and suffixes, though they differ greatly to the rel¬ 
ative importance to be attached to those two daaaes of elements. 
Thus, w^lc both in Indogennanio and in the Bantu languages of 
Africa prefixed and suffixes iiro to bo found, we must note that the 
greater part of the grammatical macliiner)^ of Indogcrmanie is carried 
on hy its sulfixes, while it is the prefixoa that in Bantu take the lion^s 
share of gramnuiiical work. There are also not a few Huguistic stocks 
in which aufimng as a process is greatjy dovetoped, while prefixing is 
entirely unknown- such Jire Urab^Utaic, Eskimo, and the Kwtikiutl 
and Nootka lajiguagos of British Columbia* On the other Ii^nd, Ion- 
gaiigm iu which prefixes am used^ but no suffixes, seem to be quite 
TEire* A third variety of affixing, known as infixing, consists in insert- 
ing a grammatical element into the very body of a atom; though net 
neitrly so widespread as oithar prefixing or suffixing, it is a wclh 
uttestud linguistic device in ^lalayan, Siouan, and oLsowhc-rc* Still 
another ^i-idospread grammatical proce^ b TidujAk^tian; that is, the 
rtipetllion of the whole or, generftlly, only port of the stem of a word; 
in Indogornianic wo are fumihiir with this process in the formation, 
for instanco, of the Greek perfect, while in tn^tuy American Indian 
languages, though in far from all, the process is used to denote 
r^ipeated activity. Of a more subtle ctuiracter than the gnminiatical 
processes briefly reviewed thus far is voml or cmisormil c^ungp. 

Tlie former of tbese has been aheady exemplified by tlm English words 
and sfmm as contrasted with/oof and mini; it attains perhaps its 
greatast degree of development in the Semitic languagos. The latter, 
internal consonant change, ia on the whole a somew^hat rare pheriom- 
cnon, yet finds an illuatration in English in at- toast one group of cases. 
Beside such nouns as mamet and wo have derived verba 

such OS to Arntsc, mousr urffunrf, and Ueth; in other words a certain 
class of verbs ia derived from corresponding nouns by the changing 
of the final voioelesa consonanls of ihe latter to the corfosponding 
voiced cDDsoniml^. In seveml non-IndogartnaiuG languages, as in 
Takelma of southwestern Oregon and in Fulbu of Llio Soudati, such 
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grammuticia] coDjaonnnl diiiiigea piny a y&y ImporLant pitrt. As (lie 
last formal grammaUcial process of Liiiporbance may bo mentiumal 
Qccmtf mid hero ivo havo to disiinguiali bot^poon stress aceent and 
mtiaical OP pi tell flocent. An oxcollent example of iiie gramma tied 
use of stress aecont is affordRil in English by snob pairs of words m 
cQTiJIiii and rwjZfdj ibjui and objict, tbo verb being aocentod on Uio 
second s^'liablo, the noun on the first, ^fusied accent is ti fur more 
prevalent phono tic eharactortsUc thuji is pCirJiHps generally supposed; 
it is by no moutifl coidlned to Chinese and neighboring koguages of 
eastern Asm^ but is found just os well in many languages of iUrica 
and, as has beciii recently discovored by Mr, J, P. Harrington and the 
WTitor, in a few North ^Imcridan Indian kngnagoa. As a procc® of 
doGuite grummatknl significancep however^ musical accani Ls not m 
widaspreail. It is foundp to give but one examplep in die mrlier 
atiigiH of Indogprmanic, as exemplified, anumg otlien?, by classical 
(heuk and by IJthuanian^ 

Having thus briefly rf^vicived the* various granimatical profcsHefl 
uschI by dHTerent languages^ we may ask ourselves whether the 
mapping out ef the distribution of these processes would bo of more 
service to us in our quest of the nmin types of language than v^o have 
found the grammatical Iroatment of logical concepts to be* Here a 
ddlieulty presents iUelf. If each linguktie atock were eharactermHl 
Uy the use of just one or almost entirely one formal process, it would 
not be difficult to classify all languages rather saUjrfactorily on the 
bosk uf form* But there are great dhTert^nce^ in Lhk respect* A 
minority of linguistic stocls content tbemaelvcs with a consiatenl 
and thoitaugligning upe of one process, as docs Eskimo with its suffix- 
iug of gnimmEitieal elements, but by far tlie larger number make use 
of so many that their classification becomes fUlIiciiit-, not to say 
arhitnuy'. Thus in Cireek alone every one of the prfH-esaes nami'd 
alcove, excepting cooiisonant change, can bo cxcmplilied. Even if we 
limit ourselves to a cunsideration of grammatical proci.'sssiss employed 
to express tlic relational concepta, we shall find the same difficulty^ 
fur the same language nut infreciuently makes- use of several distinct 
processes for eoncepts of this class. 

On a dOBcr study of linguistic morphology, howeverj wo fiml that 
it k possible to look at the matter of form In language from a ditferent, 
at the same time more geueialized, pomt of view than from that of 
the formal processes employed themselves* This new point of view 
has regard to the inner coherence of the words produced by the opera¬ 
tion of the various grammaticai processes; in other words, to the 
relative of uiiity which the stem or umnodilied word, plus its 

various grammatical incroments or mudifications possossesji emphasis 
being particularly laid on the degree of unity which the gnimniatlcai 
processes britig about between the Htein and the int^rements which 
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pspress relational coocepts* On tho basis of tHs fominl crite-rion we 
lUttV classify languages, at least for the purposes of this paper, into 
Uic Ihreo main typos of linguistic morphology generally wognirod. 
The first type is characterized by the use of words whii-h allow of no 
grammatical modification whateverj in other ^^ord^^, the 5o*callccL 
\aolatmg type. In a language of this type aU relational concepts are 
cs'prgsii^ed bv means of tho one simplo device of juxtaposing w-ords in 
a definite order, the words themselves remaining unehangoablo units 
that, according to their position in tho sentence, receive various 
relational values. The classical esomplo of such a langufige ia 
Chinese, an ill us t ration from which 1^■ill serve as an example of the 
isolating typo of sentence, fow' (fbhig from deep tone) piP (rising 
from high) p'S* (sinking from middle) i'a' (high) may bo literally 
translate '‘X not foor lie,” moaning ‘-J do not fear bimf' ttw" 
tts subject comes first; p'o* "fear” as predicate follows it; jm* "not," 
inasmuch os it limits the range of meaning given b}’ the predicate, 
must precede it, hence stands between the subject and predicate; 
finally i'S? "he” os object follows tho predicate. If wc cxt-lmnge tho 
positions of woo* and we change their syntocHcal hearing; wjoo» 
"I” bccomi’a "me” as object, while (‘o', which in our first sentcnco 
was best translated as "him” now becomes “he” as subject, and the 
sentence now Lakes on the meaning of "he docs not fear roo,” 

In tho second main type of language, gene rally known as the 
the words arc not generally unanalyzable ontitiesj as in 
Chinese, but consist of a stem or radical portion and one or more gram- 
maticni elements which partly modify its primary siguirication, 
partly defijie its relation to other words in the sentence. iVhUo these 
grammatical elements are in no sense independent words or capable 
of being understood apart frein their proper use as suWrdinate parts 
uf a whole, they have, as a nile, their definite sigiiificatiun and are 
used with quasi-mechanical regularity whcuicver it is considered 
grammatically necessary to express tho corresponding logical concept; 
tho result is that the word, though a unit, is a clearly segmented one 
comparable to a mosaic. Au example taken from Tnrkisb, a t3'pical 
agglutinative language, will give some idea of the spirit of the type it 
reprffients. The EugUsh aentenco “Tlicy were converted into tho 
(true) faith with heart and soul” is rendered in Ttirkish dlmn u 
tman-o literally translated, ''Heart and sonl- 

fnmi bclief-to come-ing-plural.” The case-ending -Jen "from” is 
here appended only to "sou!” and not to di&n "heart,” though 
it applire equally to both; hero we see quito clearly that a case-ending 
is not indisaolubly connected with the noun to which it is appended, 
but has a oonslderahle degree of mobility end corresponding transpa^ 

> Thi TmkM lad CUiv tMmilia ■» t>kK tnn r. K. Slaeli'i Dta BKtpUrpn dwSpndibHH.'' 




594 ANNUAL REPOIiT TNSI l'J UnoN, l0iS* 


rencT of meaniTig. Th6 verb form gel-ir-Jerf which nmy ho roughly 
translated ms "they come/* is also mstmctive from our present point 
of view; the ending -Jer or 4ar b quite niechanicallr used to mdicaio 
the concept of plurality, whether in noim or Yerb, so that a verb form 
*nhey tomCr* reaUy '^come-pliimlp** is to some extont parallel to a 
noun form like '“booke/^ really “book-plural/^ Here we eee clearly 
the mechanical regularity with which a logical ci'mcept and its mrre- 
oponding gnimtimtical clement are associated^ 

In the Uiirdj the injlcc/ivc, type of language, wdiilo a w'ord may be 
analyzed into a radical portion and a number of subordinate gram- 
matii?al elements^ it is to ho noted that tho unity formed by tha two k 
a very firm oncj moreover that there is by no means a mechanical one- 
tu-one coiTcspODdence betwwn concept and gminmatioal element. 
An example from Latin, a typical infloctivc hmguagCi wdU ltlu6trat« 
the dilTerence between the o^utitifttive and inflective typm. In a 
sentence tike “I see the men/* it is tnjo that the verb 

form vid€3 inay be analyzed into a radical portion vnie- and a pcr^nal 
ending -o, also tiiat the noun form may be analyzed into a rad¬ 

ical portion homin^ and an ending w'hich combines the concepts of 
plurality \rith objeetivity; that is, a concept of number with one of 
case. But^ and here oomes the significant pointy these w’ordsj when 
stripped of their endtugSi cease to have even a semblance of meaningp 
in other wordsp the endings aro not merely ^glutinated on to fully 
formed words, but form firm word-unita wdth the stems to w^hich they 
are attached; the absolute or rather subjective form “man,** is 

quite distinct from the stem Aomin- which we have obtained by analy- 
sb. Moreover, it sbould be noted that the ending b not mechani¬ 
cally associated with the concept of subjectivity of the first person 
singular, as b evidenced by such forms as vfd% '* I and 
"'T may see**; in the ending of hamiTiia the lack of the mechanical 
9i3acichilion I have spoken of is even more pronounced^ for not only 
tim there in Latin many other noun endings which perform the $ame 
funetion, but the ending does not even os press a dngle concept, hut* 
os wo have seen, a t:oinbine<! one. 

The term pdyaynihetic is of ton employed to designate a fourth 
type of language represented chiefly in aboriginal Ami^rica, but, as bos 
been shown in another connection, it refera rather to the coutent of a 
morphologic system than in its fonn, and hence h not strictly parallol 
OS a clossificatoiy term-to the three we have just examinerl. As a 
matter of fact, there ore jtolysynth^tic Inoguages in America which 
are at the same time agglutinat iver others which are at the same time 
inflective. 

It sbould be carefully home in mind that the terms bolating, agglu¬ 
tinative, and mflecrive make no necessatyrimplications a^ to the logical 
concepts the langUfige mskfis use of in its gmmmatieul system, nor b 
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it possiblct df^fiDitoty to Oigsociato thoao thive witli particular 

formal procM^ssfes, It is cloar, Iiowevor, that on the irhole loDgiiagies 
which make use of word order only for grammaticaJ purposes are isolat-^ 
ingiu type^ further^ that languages that make a libeml grammatical 
UBO of intemal vowel or consonant change may be stjspootod of being 
inflective. It was quite customaiy formerly to look upon the thrM 
mmn types of morphology as steps in a process of historical develop¬ 
ment, the isolating type representing tho most primitivo form of 
speech at which it was possible to airivej tho agglutinatiYe coining 
next in ortler as a type evolved from the kolatlng^ nx\d the infleotivo 
as the latest anil so-called highest type of all. Further study^ how¬ 
ever, has shown that there is little to support this theory of evolution 
of types. The Chinese language, for instanoe, so far from being tj'p- 
ical of a primitive stage, as used to be asserted, h^ been quite con¬ 
clusively proven by internal and comparative evidence to bo the re- 
suttanl of a long process of simplification From an agglutinative typa 
of language. English Itself, iu its historical aSliatiuua an iudoctive 
language, has ceased to be a clear example of the inflective type aud 
perhaps be said to be an isolating language in the making. Nor 
should wo be too hasty in attaching values to the various tjp^ and, 
as is too often done even to-day, look with eontempt on the isolating, 
condosccndhigly tolerate the agglutmativei and vaunt the superiority 
of tlie inflective type. A weli-dcvcloped agglutinative language may 
display a more logical system than the typically inflective language. 
Andj os for myself, I should not find it ridiculoua or even paradojdcat 
if one asserted that the moat perfect UngukUc form, at least from the 
point of view of logic, had been attained by Chinese, fo? hero wo have 
a language that, with the simpl^t po^ible means at its dkposa!, can 
cuepress the most technical or phUosophical ideas with absolute lack 
of ambiguity and with admirable conciseness and directness* 
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The mamputatioQ and the preparaGon of ordinniy articles and of 
food products were at Rrab carried on in Grecian homes esclusivolr 
bj members of the family, and later the service of slaves was utilized 
for such work. Domestic industry was more general up to our dmc, 
and it decreased and gave way otdy becauoe of the enormous im¬ 
provements of manufacture in shopa and on a large scale, and the 
increase in facilities of communication and for transport. 

In ancient Grtiece domestic industry was the common custom. 
The poorest did not hesitate to have at least one or two slaves for 
grinding their gram, for making their bread, as well os for reaping 
and for weaving garments. 

Artisans were at first forced to practice several trades at once to 
gain a Uving. In small cities the fiome class of workmen made bed¬ 
steads, doors, plows, tobies, and oven built houses. 

The division of work depended on commerce and its demands. 
And during the great epoch in Greece one even saw the cooks, just 
as they do in onr day to the detriment of the middle class, acquiring 
an individual reputation each for a specialty—one for the frying of 
fish, another for lentil bread, etc. In the potteries there were special 
workmen for vases; othora for making only lamps, and others for 
atatuettes. This was a stop toward trade and manufactures, prop¬ 
erly so colled. 

Many cities specialized in certain products, due to favorablo local 
conditions, to the possession of trade secrets. Thus commerco de¬ 
manded from ^ft^ora only “exomidos" or the coarse clothes for 
slaves which all needed, and all the inhabitante of Alegars were sup¬ 
ported by their manufacture. Likewise, gauze robes, ‘'chlamides," 
were the specialty at Miletis and peirfumcs and pottery at Athens. 
The skill of the bronze workers of Corinth was wonderful. 

But it would be incoircct to assume that the citizens of these 
places, cither as a whole or in great part, were themselves actually 
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engaged in these various arts and majiufneturos njid exoexited the 
work* In Sparta citizeiM were rigorously forbidden to work at 
trades, and this aristocratic prejudice has always existed to a greater 
or less d^co throughout Greece. Herodotus (II, 167) expressly 
says: 

Attioag tlia borbAnMij; thcee wbo learn Ibd mecbAnlcal arte and cvm iheir chU- 
dren Mt! rtg&fdixl ts tb.e lowest chm oF citii&eiifl. On tlie eUier baud, esteem tin 
the inaft aobte thoso who engtigo in uo trade whatever and iHpecially thoH who 
hav'o dc^vnted thenuelvea to the proffSiEEnii of arTi35, All Greeks^ and putieularly iho 
Liid;:ed^!inQ(Q]jmf!« have been Bcbooled in Lbew} principles. 

The fACtorit?^ where free lucu cliiiiilly w ere employed w^cre all smoil^ 
wtUs 10 workmen at the most. An inscription at Athens giidng a 
list of workmen ehoivs that in the fifth contury, the grand century, 
ihe free workmen were still in the miijoritYi for this Ikt includes 24 
Athenians, -10 (foreigners from other Grecian cities), and 

only 17 slaves. The majority of those free men were for the most 
part lorfjignerB, without rights of ritisieiishLp, w^hom misfortune hmi 
driven from tlicir homi«* In a workshop at the sonctimry of Eleusts 
there were 39 mftdques, 30 Ailionians, and 12 barhnriam or wan¬ 
dering workmeUpWlio eomc to offer their services, hut not slaves, 
Tho period of the fifth century was (he most auspicious and the 
most brillifuit in ancient Greece- Agriculture was then still pre^ 
douxinant in Attica. 

But tliat contlition was completely overturned. The philoso¬ 
phers themjselves turned aside tho Greeks from manual labor. 
Their teaching as well ae^ their example tended to create on intellec¬ 
tual ilitoj an aristocracy of tnin<l, much above the maf^. But they 
had overreached their mark in inspiring a contempt for work. To 
believe one^s self too much above othem destroys the c^quilibriiim^ 

Socrates himself tlid nothing. He did not even write his moral 
teacMngg* While preaching a contempt for sordid gain, ho did not 
study the s^iibj'oct close enough to understand the need of being busy, 
evexjthhig censuring idiencsss* 

In the professions that tend toward wcidth Plato could see only 
selfishness, baseness of spirit, the d^ading of the finer sensibilities. 
In such appreciation there is a mor£id clement of a dclicato and elt> 
vating nature. But Plato^ like Aristotle, come to sec in comnierco 
and ifiduBtiy two evils of society. Hia moral ideal was joined with 
that ideal of simplicity of primitive epochs when the worst brigand¬ 
age, view ed from afar, was colored with heroic virtue. said 

he, '^astronomers, very modest magistrates charged with the police 
ing of streets and dwellings, with cleonJinpss and good order, should 
perceive anyone of their number neglecting the study of virtue lo 
practice a trade, they should overwhelm him with reproached and 
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cdtitemjit/' SpATtoiDfliiia, a loTe for military training in i«i1<’ii«s3. 
ahould bo Tigoroualr oondomned. 

Xenophon commended tho^e cities which forbade every citizen 
from practicing the mechanicai profnsaion; for, thought he, the soul 
is thus degradetJ, the body is weakened, and worionen aro poorly 
prepared by the sodGntsry life for the exigencies of miiituiy stmg- 
gles. 

At Ti)eb<« tho practice of & trade was tncompatible with the i5Xer» 
CISC of « magistracy. 

According to Aristotle himself, mechanical employments were 
unworthy of a free man. For ono to work with his hands for him¬ 
self, well and good, hut to work for others, that was to perform the 
labor of a mercenary and a slove, In order to lie a citizen one 
should he free from Iftlwrs necessary for the maintenance of life. 
The spirit of man, in order to unfold itself, must have freedom, ami 
freedom is leisure, Aristotle oven believed that all workmen were 
foreignera or slaves, 

Plutarch professed contempt for all manual labor. "While tak¬ 
ing pleosuro in the work," says he, "wo despise the workman, 
though that workman bo a talented artist, such as Phidias.” 

Artstophanes, in his turn, had fjnly reproachfiil peals of laughter 
for those who worked with their hands in commence or indijstn,'—for 
Lysicles, a sheep dealer; for Hyperboles, a maker of lamp!}; fw tUo 
great Euripides himself, "the eon of a fruit trader." 

Tho law wisdy prohibited casting a stigma on a citixen of Athens 
for a trade ho had practiced at tiie Agora, hut public opinion went 
further and they atnick a man from tho list of citizens simply because 
his mother sold ribbon at a market, A law was even proposed for 
reducing all artisans to servitude. 

Tho inci-italilc consequence and force of such prejudices would be 
to bring about tho gradual fall of a free workman, the despising and 
abandonment of mechanical arts, and placing idleness pure and simple 
above everything, Tt is truly painful to know that l.he ceramic 
workmen of Athens, who originated so much rqiI ad vanned so for 
for all time the artistic reputation of their city, were utterly despised- 
They have not left a trace in liistoiy. Their studios were not numerous 
and thdr quartern became those of classes of tJie lower ranks. This 
was not perhaps what philosophers, lovers of intellectual culture, 
would wish in emancipation from despised material cores, those w’ho 
taught nobility of life in advising estrangement from the base tasks 
and sontid gains. But, tbinkiiig only of exalting thiunselves, counting 
only a smalt dlite as capable of being consecrated, like themselves, 
to science and virtue, they were in the eyes of all the nation devoted 
to a fatal ideal, atready w'cD spent, which was to live by doing nothing, 
from the work of the slaves. , 
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The downfali b^an about their time, fronj the fourth centuiyp 
since in their scdfd improTidence they did nut dreain of a^uring 
the duration of the flame wliich they brightened but for a moment. 

Their prindpul mistake, shared by sJJ the idle clesaeSp hastened 
in turn by the gradual increase of inteUigence among aU those who 
Tvero forced to do somethings was to believo that the faculties would 
remain intact, and the power to tliink and to do would keep awake 
notwitlfcstanding habitual inaction and witliout a constant exercise 
of the brain- They have believed that one could conserve the taste 
for beautiful things, though never rcalmng or even attempting 
deeds. 

And the power of Greece, formed by the struggles and tlirough the 
expeditions of conquest and commerce pursued during the ninth 
and eighth centuries on all sides, even as far as the fihick Sea, in 
France, in Africa, in Spain, with wonderful boldness, was weakenod 
at the end of this period into an egotistic sehiahness from the rich^ 
wliich were accumulated. Greece deteriorated, and was ihen deba-=ted- 

In his life of idleness the Greet developed his oratnrica) faculties, 
ITo must speak at the tribune, in the gymnasiump no matter howuii'^ 
prepared^ or whether tliere was anyone to listen to him* Ready 
aperch and blundering boaatfulness became after awhile the cliaraO" 
teristica of the race.*^ 

Xa one then witihed to work longer* And already in the fourth 
century the philosopher lUppias was a subject of wonder because he 
made hia ir^-n clothes and shoes. All, howeveCp desired more than 
ever to enjoy every comfort and to sport in luxury* Then the in- 
creasing of slaves rapidly became tremendous. This was the risible 
reason for tlio decay and decline of ancient Greece* They hod 
slaves in all conditioas of life and in ail degrees of the Geld of labor. 
And what skves! 

One saw In ancient Greece some things of the kbid observ'ed in cen¬ 
tral Africa b our day* Abductiom of childreti were frequent^ and 
public ceremonies themselves, attracting the crowds^ were ordinary 
occasions for it. The Greek law, besides^ authoiized parents to aban¬ 
don their children on the highway. Those who received them raised 
tliem m slavery* At Thebes the father who wished to bo rid of his 
child for pn>Gt took it to the magistrates, who sold it at auction. At 
Athens the father could sell his daughter only when guilty of miscon¬ 
duct. Solon had ala very abolished for debts, but the custom never- 
thelofis waa gencra% in force. ^Vnd even at Athens, at the revision 
of Ikts of cUkens, whoever was fraudulently jnscribod was S 4 >ld. 
Plato, who wanted all mfuiual work executed under constraint bv 
the slave* was hiiiiaelf embarked by Denys, of Syracuse^ on a ficcc- 

* rad3>imi4^ L'lii]±a^tTltduitlAOE«i»iBGlefl^ TwnvtAnmm, aiUHOi, IMA, 
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dmtmijul ti'oiisportfid to perhaps his native land, oi^d 

piit m sale m a slave. 

It mattered not who mij^ht demand a free man as n slave; sueh 
a one was without defense unless a oil ben aasunieii for him the 
cost of triaL Tho prisonets of wa? made hy the Greeks eonid ho 
free<l by exchange or runsom. And it came to pass that with progress 
in morals iind wealth the custom was establLslied of paving the 
riinsoTns rather than to allow cilkens, portents, compatriots to fall 
into slttveiTi". In 4(KJ B. C. the Spartans and their ollios^ having 
conquered Methynma^ were on tim point of soiling all the inhabitants; 
but their chief refused to reduce Greeks into slavery. A kind of 
patriotism between Rices of the same tongue and the same culture 
exhitPfl then. It however, only the end of the fifth century. 

Aftorw'arJfl they wiahod no longer to have slavca when consailera- 
tions of such mituro would obUgo good treatment. The penal code 
provided strenuous ordinance as to the service of filavrs® to their 
ownotB* Their only recourse against the cruelty of their luastem 
w^as Right, and Riglits of slavosi partly for that reason, were 
Si>me at liis(t treated their slaves well, as ' children of 

ihetr faniUios; ihi’^ wttro tho ones in domestic service. They no 
longer had names. Tho kUling of one of them was considenid as 
uTiixitentioiiul homidde. They couhi o^ii nothing, and tJie monfy 
they were permitted to have most often returned to tho master, who 
thus allowoil them means for ransom^ 

Some family relations wore pennitted between slaves, but tliey 
wero not rtwogniasod by tho law. The niaater who cohabited with a 
slavocontracted no obligntion whatever, the union behig ignored by the 
law. If he had a child hy a ^ave, it was regarded as without a father, 
coming from the mother only, and was tho property of tho master, 
its father in this particular cose, the ssine as any other child bom of 
slaves* But wo find that many of these chiftlreti were incorporfited 
into the fiunily by omandpation and adoption* Wo have hero a 
very grave condition ^ far wo knew that these sexuiil relations of 
masters with thmr slaves was common. Philip of ^facedonia gave 
to Fhilocratpa numoroua wives from Olynthiifl for tho sake of 
debaucheries hi the year 34®. On acMx>iiiit of tMa presant, he was 
considered us a traitor and was obliged to exile Imnsoll 

^ Deprived of every ri^tp a mero tidng or lioast of burden, aubject 
to tlie will of tho master, the slave could be forced to labor without 
mercy under tho* pretense of tho mercantile plea and the njeod of 
development of iiidustrialiain. The Greeks were skillful in reducing 
expenditure m Iwbalf of their slaves in extraordinary proportiona* 
Under existing conditions slave labor rotumed to employers guclL 
results and profits as they could never aeciLto from free artisans. 
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Citizsil worknif^n c™hl not redst siicli & tuiil Uediitig^ 

the allurflm™t of gmn bd all Hellcmic sucioly to resort mor^ anti 
lonro to slave labor. 

Tlio muJudpiiUtios thomselvtia ejigagod eontra^stora to go abmad 
in soartU of cargoi^ of skvoa, paying all Llio oxpeti^. Xonoplion, 
seekiiig a way to oniich Aihons i*itIiout tie risks of war, inested on 
working the silYor mines, and for that labor propoaotl to buy 10^000 
slavits, the purchase of wlucli ho said would be quickly componaateil 
for by tha chnup cost of tlidr labor. 

An ej^ilinalo has been matkj, and wo know that Xouopbon was 
enliroly riglit. A free laborer for 360 days' work coat 540 <lrachjnaa 
(t7S}. A slave tviiose maliiLtonanco c<^ 2 or 3 obolcss (5 to 8 cents) 
por day would aoeoniplish tlw same amount of lab<»r for 180 <lracliniai 
(S2G). But thoro remains the purchase price of 300 drachnuia. 
The interest of that tmumiii at 12 per cent, the rale at that period, 
reprosented 36 drachmas (t5) a year. Tlio slave could no dc»ubt 
work 10 years or niort^ By redoanibig his purcluuui prieo in fjTo 
years oju^ wuuld bo guaranteeil against all riaka of deknnss for & 
tiimiber of even feoblo slaves. Tlda cost for quick redemption would 
reprcaont only 60 draclnnas pot yoar. And incorporating it in the 
annual revenue from tlio work of a slave^ all this^ interest on pur¬ 
chase price includod^ wijubl bti only 276 drachmae. Take the round 
sum of 300 drachmas, and we have tho advantage over tlio cost of a 
free laborer of 240 drachmas ($33-34} the first year. This shows that 
one would l>ss reimbursed for the xniichase price of a slave the first 
year wilhin 44 fraJiica ($8*60) and ontiroly so in 15 months. 

Some contractors, having need of nuuLual labor fiir only ii time, 
liired slaves at an obolo (about 2 ^ cento) per day, imteaci of engaging 
free men* Even if they paid the same price aa for a free man ihero 
was still an advantage in employing slaves, becasise they could 
compel thoni to do what they wished^ Tberflfore thb purchase uf 
slaves for hiring out was a very profitable undertaldiig. Evcjy^une 
then wanted to have elavoe. A medost jirtisaji able to buy s<mie 
tools fur tlio use of a slave Imil a wwkshop and became a imtstiir tn 
a motlest way. Tiio w-orkman at Oui mint in Atlinnfl w^nt public 
skvea. It nwultod that at Atlinna tho claaa that wo would call com¬ 
mon pcopk madu their living from the work of alavos. Persomd 
woalth, what iuia since boftu callinl capital^ was then acquired, aa I 
ha VO said, througli slave labor, for the finet time. Tlio idea of capi¬ 
tal was net thought of before Aristotle. Wo know the condition of 
many individual fortunea, especially through the pleadings of law- 
3'er3. Wo thus learn that a csertain Pliainippos derived from tho sale 
of his wine, barley, and timber the rolativolj- large sum of 3,600 
drachmas ( S 500 ). With 1,000 slaves Xiccaa, working the silver 
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ijuniea fff Laurium, tiiajii lOO mitmta ($I ISjOOO), an cnonmnjs rotum, 
a oolossal fortune fur tliat ]>4rii>d. 

XtiTnnp; cun<;a 83 )on 9 wwa gonorally nmeh parccJed out, and there 
w’a<( liltlo jnirdni; Jeue in Grueco, silTcr at Siplinue; gold at 
Cyprus, at Tluioa, on tLo cuaat of ITiraM, ui Asia, in Colcliis, b 
Lydia; and copper in EubtHia, In Argos, at Sicyon, and eapooiaUy at 
Cyprus. All thu minors were eiavos. 

Ill the inlioritance of a certain Conon Uiera’was a factory idtli some 
tiliiTes making ordinary textile fabrina and a shop tviih some druggist 
slaves. 

The incomes of citizens were thus dependeut on the work of slave 
weavers, cutlers, phannacists, etc. There is mentbned a workshop 
inth 120 slave forgemen or smiths. 

The shoemakers worked by a certain Timurque yielded him each 
day 2 oboles (about fi cetitsj per head, or 120 druchiuus (Si0.50) per 
year. The father of Demosthenes had u fortune of I -J lulenta (S16,000), 
which was essentially pcrsmiHl projierty, as fcUoT^a: Two shops, one 
of 32 cutlers, yblding 30 mines, or 3,000 druchmos (S420), the other 
of bc<] makers, yielding 22 mines, or 2,200 drachmas (S305) ; quan¬ 
tities of raw' materials, such ns ivoiy, iron, and cojijier, yielding 150 
mines, or 16,000 drachmae; a house, 30 mines, or 3,000 drtichmas; 
some furniture, 100 mince, or 8,000 drachmas; a tru,st of a talent. 
Yielding 700 drachmas ($07); a rnoiitmc trust of 7,000 drachmas; 
a hank deposit of 2,400 drachmas, and various loans yielding 6,000 
drachmoa. Beakies the above and exclusive of some houses und 
some imjjortant unset tied accounta Demosthouea also inherited from 
his father l.'5,306 francs ($2,065) in income. Tins wna at 18 per cent. 

One b a little aur}>rised at such amounts. And what surj/rises more 
ia to see such eminent capitalista with the same versatility us those 
of OUT own day and engaged in such varied afToirs. Some fortunes 
were composeil only of credits. Whence it follows that commercial 
credit was exteusive and that there were banks for ms king loans. 

Maritime cornmerckil eiiterptiHOs were, in fact, undertaken on ad¬ 
vances of funds by outfitters and aUent partners, advances which, in 
proportion to the risks incurrerl, gave in every case some assurance 
of very' great [urofit. The city of Athens made loans to some ex¬ 
peditions chaiged to sefiich its coni m Egj'pt, in Sicily, mid the 
Ponlus, and skins, wool, and salt provisions in the Pontus, w'bithw, 
on the other hand, Athens exported on one oocoalon us many as 
3,000 omphoraa of wine. 

We find also that the cithiens in those profit able o|)erations played 
only u secondary rfilc, suico their ideal was to do nothing fhetnsolvea. 
Their number at once diminfabed and in a manner that bccama 
important. 
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The thernselves bad oever been very populoua. Athene 

and Sjnracuse reached and no doubt lutcceded 100,000 inhabitAiite^ 
Corinth, 70,000; Sjcion and Tyre, in the fourth century’, 40,000; and 
citV'Citat es numbering 20,000 citusene were rare, Athens had reached 
30,000 citizens at Ute middle of the fifth century. In 300 B. C., 1^ 
than a centuty and a half later, there vere not more than 21,000. 
Thcji the numlwr fell to scarcely 14,000 or 15,000, or only one-half 
that of the prosperous perioVl of the fifth century. 

In tlie territory of j^grigentum, in Sicily, Diodorus states tliat in 
400 B. C. there Tii-ere only 20,000 citizens out of 200,000 inhabitants. 
Fray, in Tien* of this weakness, this small contiugeut of real Greeks, 
the only legitimate descendants of the Hellenes, vrhat was the number 
of sIsTes I 

As earl}" os the fifth century, according to the most moderate esti¬ 
mates, the slaves represented two-fifths of the [lopulation of all Greece 
f 1 ,000,000 against 1,000,000). In the inferior regions, however, where 
there were no manufactures, where commerce scarcely rcach^, and 
particularly in the |HJor agricuitural regions, they did not need and 
they could not purchase many alav<h». Omitting these somewhat iso¬ 
lated places wi^out inlluence, the number of slaves in Greece mudi 
exceeded the free men. 

At Coniyra, w’here there were 30,000 free men, they had 40,000 
alnves. According to the ceneua of 309 B. C. (Demetrius of !nia- 
lenim), fixhig the number of citizens of Athens at 21,000, there wore 
then about 400,000 staves m Attica. Aristotle (384-322 B. C.) esti¬ 
mated that a little before that time there were 470,000 slaves in 
and Timaeus reckoned 460,000 in C^brinth. Without doubt 
in these exaggerated figures should be included m^Uquea, the for¬ 
eigners already mentioned by Solon and by Pericles. 

Among the merchants and artbana there were 42 or 50 m£td<{uea 
to 3 or 4 citizens. These figures indicate iii eves^ respect a serious 
condition. At the battle of Sybota, Corinth took 1,050 prowners, 
among whom there W'erc only 250 free men, almost a fourth. Here 
is an accurate figure, and much more indicative, that the profession 
of arms was most honorable in pimcjple and W’as reserved for free 
men by reason of its very object. Other estimates have been made, 
but they a.re not as reliable ns those furnished by the Greeks Ihem- 
Bely«, Their results reveal, ns well during ilie fifth ceiituiy, when 
ctvilizatiou blazed at its height, as also during the centun* of Aristotle 
(384-322) and of jV]e.xaiider the Great (356-323), a strange condition 
of affaire which would eitplain the egotbra of the patriotic efforts of 
Demosthenes (380—322), who was himself, moreover, a vw^' rich 
partisan of slaves. At this same epoch of Alexander the Great (tho 
second half of the fourth centur}') the number of citizens in Attica 
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represented only two-fifths of its inhabitants, while in the fifth cen¬ 
tury, as wo have said, they were more than three-fifths. Tlie citizens 
were already ovenvhelmed w tho midst of a mixed populutioti, in 
great majority forei^-bom. If any great effort for liberty had been 
made, it would hove bean of a w'eak and enfeebled character in that 
indifferent mass. But it neail not Iiave been great, for the citizens 
could not Oppose it In person, weakened as tho^‘ ivere through ihe 
love of idle pleasures, tau^t to do almost nothing by the masters of 
their consciences, the philosophets. 

The decrees of the emancipatbn and burial insmptioTis give a 
good record of the euonnous proportion of foreigners among the 
slaves. Among these decrees there are a few Greek slaves, only 
24 out of a list of 124. These, moreovor, were Greeks w-hom, for many 
reasons, the masters wished to make free the first. (Gtiiraud, p. 104.) 

On that list of 124 mannmissians there were 22 Syrians, 21 Thra¬ 
cians, S Galatians, 0 Italians, 4 Armemans, 4 Sarniatians, 4 Illy riana , 
3 Cappadocians, 2 Phrygians, 2 Lydians, 2 Myaians, 2 Pontians, 2 
Phenicians, 2 Jews, 2 Egyptians, 2 ilrahs, 1 Paphlogonian, I Bithrv- 
ian, 1 Cyprian, and 1 Bastarman. Just one Baataruian! coming from 
eastern Cariiathus. It b difficult to ima^e a imxture more varie¬ 
gated with individuals of all Proviiicea, 

Ethiopia, like Illyria and Italy, furnished slaves to Greece. .Among 
these there were many Thracians, Lydians, Pbrsi’grians, Carians, 
Syrians, some Scythians, Geta?, and Colchiana. 

All Attic inscriptioa of 415 B. C. gives us a fair idea of the imniniiun 
price at which they acquired all these barbaruina, even in the fifth 
century. A Carian was sold for 115 drachmas (SI5); a Syrian, 301 
drachmas ($42); three Thracian women from 135 to 222 drachmas 
($1S.75 to $31). Von could buy a slave, under age, for leas than that, 
153 or ISO drachmas ($21 to $30). A slave that knew- a trade gold at 
A muoh hi^er price, an ordinaty currier being valued at 10 minps or 
froui$13.7 to $255. 

All these peoples of such diverse ort^i became incorporated into 
the nation through emandpatlon. The masters had every interest 
in eacouragiiig the slave to seek hia freedom; this was a stimuiant. 
The employer who rented a slave made himself a participant in the 
earnings to his own great profit. All money given to the slave pro¬ 
duced to tho master double tho amount, ivlsen by labor and econ¬ 
omy the slave saved a sum of money, the master would regard with 
double contcutment the formation of that small savung, for it was to 
him, in fact, that it would some day retutti. lifter having already 
profited on his own account from a regular and productive employ¬ 
ment, he would shatter to " his profit the money box of the slave in 
selling him hia freedom." (Francotte, II, p, 74.) 
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Wo kDo^ BouaowhAt concemUig re^lemptioii prices. Out of *227 
rodomptiouSf for lfi2 the price runged between 300 and 500 draeJimAS 
($41 to $69) ^ 5 reached 1,000 drachmas ($130); 2 wem 1|300; 1 waa 
lySOO; 2 were 2^000 drachmas {$27S); 312 ransoms for women cost 
from 300 to 5CX) druehmafl. These prices arc much higher than the 
cost of original purchaae. 

Tins pwuniaiy profit wa^ iwt the only one, for the moater also ini- 
posfed life service in return for freedom;, the surrender of one nr moto 
nf his chddreri^ or he was even required to loom a trade to carry on 
for hi$ former masteria account. When the master freed a man to 
practice a profession, the former had the advantage in not being liable 
for tho engagements of his freedom who might himself lose in the rum 
of othere, without detriment to the iuteresta of his fomaer master. 
When the savings of a slave were not great enough, the master could 
sell him under the condition that he should bo free, but would serre 
his new maaler during his life. 

This waa not always bad fur the freedman to wbotii liberty was 
thus guaranteed. Some masters would give up their alavea to a god, 
in order that tbia god might boeomo surety for the exereise of Ha 
freedom. 

Tho manumisrious gathered at Delphi lead to the belief that tho 
vrouicu (473 tigolnst 277 men) benefited much oftener by the generos¬ 
ity of their mastere. This is certain evidence, which we might pass 
by, that many slaves ’were raised to the rank of concubines or even 
wives. The dave womens esperiolljr ware only things hi the hands 
of their meeiera. 

We find some manumissions of sona and daughtem of slavca, diil- 
dren, where their mas tern, in freeing them, became their legal guardian» 
(Guiraud, p, i08-) They show dearly by this that tho cbflch-en wore 
related to them. There were some who adopted the children of their 
slaves. Tbeso were natural children. Regularly then, through the 
ordinary act of manumiasion, and irregularly, also^ through those 
relations w-hich w'cre not acknowledgedp like those betw'een slaves and 
Greek women, all the surrounding barbarian nations mingled their 
blood with the hiood of the Grecian people. There were some cases 
where staves attained to the rimk of citizens. A glavo informer might 
become a dtbien. And some cities, after certain depredaLions, were 
restocked with men and reestablished their finances by conferring 
citizemdiip on all the slaves on agreement to pay a certain sum. And 
this point of view, especially the it^lar incorporation of foreigucra 
in the nation, is a condition of tho slaves that I can not pass by, 
though it is scarcely proper to speak of it, except with discretion. 

The Gtoeka bought slaves for domestic service {the richest had for 
their lesser needs, up to 50), for work in tho mines, in building opera- 
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tioviEt imd in worbiliopa, whert'i they prai^tkcd ull Lr&tlea^ to kiro out 
fur Jaiid fiinui'rs^ and coniradtor^, juid they also purchased 

them in order to deliver them into prostitution. It k fcijQVvn that th& 
Slate itself eat ah Ihdied hoiL^^of dl fame partly to cherk t^ertain vices- 
Solon had i barge of these institutions and they were ailminiaterod 
at the expeiiBo of the State, AH the women in these houses were 
allen-purchiisetl slave®. The Gretiim woman who through repeated 
downfalls entered those plates thereby n^pounced every aocial and 
family tie* jyi ihm^ women wx're in fact given up to public serv* 
ice. They could not leave the district laithoQt permission of the 
arcbona and hy giving guarantees for their return. Tlieir honsea 
incraased to auch a degree in the streets of Pheo that> so to spoak^ 
(.hey were at every step. The patrons paid only a very modemta 
urdform price^ at the lowest, I obole- Debtors were there sheltared 
from their ereditora^ and a father had no right to go there to surprisa 
hh son. People of oil classea vMted these houses. They furnished 
to iho Stat>& a conslderablo revenue for the protection afforded them. 
This was known to epeenlatoia^ who profited thereby. 

One of Lhc'sa pubfic women of the lowest rank was tho mistress of 
the iSling of Egypt, Ptolomy Philadelphus. Although they might be 
cantoned in dweUings cla.^^^d m public eslablishnientS| and though 
it was forbidden them to paaa a single night in the city proper* yet 
they in contact with everyone and had a chance each day of 
making a profitable friendship. Tho class of independent prosti¬ 
tutes* above them* was fed from their ranks* for it was made up 
chiefly of those wlro had been emnncipaled. There w'cre some 
Greeks ainonj^ thiun; but those who frequented the streets of Piree 
were nearly all aliens. Evidently tbo greater number of theao women 
remained at that level and practiced their calling to the end in theso 
parttcnlaily tlograding conditions. It ia* however* certain that tho 
prettier ones and those most favored were raised in time to the demi¬ 
monde and that the courtcsarw were former indepondent prostitutes 
who had bocomo tho fashion. 

The temple of Corinth drew a large revenue from iheao courtesans, 
prie^teitieii of Venus, who were established there, and these wore 
everj'where very highly favored and mingled with all classes. 

Tho courtesans counte^l in their ranks &i>me very intelligent wr^men* 
Bomc of whoni weats colebratcd and are so etill* for they had been Ib- 
tening counseloi®, Lnflncnceni of powerful statesmen. One hbtorian, 
Aristophanc® of Byzance, estimated that tliero were 135 of tlieaa cour-- 
tesEms whose sayings and achievements are w'orthy of pufiterity. 

While Grecian wives stayed at Immc, absorbed in their household 
and motherly duties, same of the^ public courtesans participated in 
outside affairs* taking part even in religioua ceremonies, were vemed 
in literature and philosophy* and were nut strangers to affairs of 
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State. There wore Bomo^ it has been said, w’ho, akilled in the art of 
ploasin^^ held tho salon of tho Greeks. 

The greatest statesman of Atlions, (died in 429)^ who 

belongs to the fifth century, left his legal w'ife for one of these famous 
women p Aspasia; and Ihk womans with whom Socrates assoc iatod^ 
to tho knowledge and in sight of all Gneecep had an infiuenco so great 
in tKe affoiia of State and was so highly e<]ucated that to her was 
attributed tho compodition of many of the orations of Pericles. She 
was a ^lilisian womans of which ancient country she had hecn a 
princess. She bore a snun to Periclee. Thb son^ of the aamo name 
03 himself^ received the rights of a legi^^c^te child on the demand 
of hi3 father, and, notwithstanding the prescriptions of the law, 
became a r^ognized citben of Athens. Such examples in such 
high places and so well known everyw'hero assuredly found many 
imitators. 

In correlation wdth these economic conditions and these customs, 
the morale of the family waa lowered and its number decreased. 
Yotuntaiy restriction and lack of enthusiasm prevailedp The Oreokst 
enriched by slave labor, purchasing men and ivomen abroadp r^ 
nouticcd tho raising of children. 

In these events, so old, and tho circiumstoncca W'hich accompanied 
and followed them, one could readily find a standard for close com¬ 
parison with social phonomena of otir day« Useful to knoWp these 
facts are always beneficial to rocaih 


OEIGDC AND EVOLUTION OF THE BLOND EUEOPFJLNS. 


By I>r. Adolfile If loch. 


In continuation of mj reBoarchcfi on the iUmtion of the hnman moeSf 
there m here presented a diacussion of tho origin and oTolution of the 
blond EuxopoanSi which include (1) the liist blond raccsj known in 
history aa Celto-GaJlic-Galatiansj Citnbriansj Germans, etc; (2) the 
blond Finns and blond Lapps; (3) the blonds sporadically met with 
in all parts of ^aropo» 

THE ABVAN HYFOTHESTS, 

As the first btonils are regarded by certain autliora as the genuine 
Aiyaiis, we haTo to consider the or^in of the Ar^^ans, flltbough Uie 
term is of little importance in designating these blonds* for what we 
wish to know' most is what tie binds the dHTcrent races among Lhem- 
Belres* and vAmi is the physiologic process through w'hich Uiey are 
derivtKl one from the other. 

Tho Aryan bypothask, aceording to which the first anceBtora of the 
Indo-Ai^’ans, Persians, Grooka* Romans, Celts* etc.* came from one 
and the aainB point in central Asia* now has no adli fronts* but in 
accord with tho works of Presche {l87S)j Penka (1898)1 Si.-hradfir 
(l8S3)j Wilser (1890)* Kosainna (1902)^ and Michalis (1903) the theory 
of European origm has been generally adopted. We recall that as 
earlj' as 1830 and succeeding years the Belgian geologist and aiiilm>- 
pologist* d'Onmliusd^Halloy* opposed tho Asiatic tlieory of the Euro¬ 
pean blonds (Notes h TAcad^mie do Belgiquo) and that it was tlie 
subject of two conuiLumcations to our society in 1864 and 1865. 
Likewise tho English philologwt, LatHami was oppoajetl to tho Asiatic 
origin of the blonda* for ho placetl their cradle in what k now a sub- 
meige<l plain in Scandinavia (Eldmenta de philologie comparfcj 
London* 1861). 

M one of the early advocates of European origin there must also 
be mentionod the German C.’nno* who maintained that tho primitlvo 
Aryans* instead of being a small clan, constituted a numcToiiB people 

t Tmubted, Sr frvca Or%la« fit EtOiliLLbn ilsf Bknidf Europ^cBi. Cv K. 1v Or- Aikilphe 

BkidL BuUtdoi Ft M-teMif* di ti fiwUtd dfi Jhiffc. «tli K, toL 1, Kflt ] 
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spread over a vast tciritoiy^ tbe great plain of northern EnropOr 
extending over northern Germany and the north of France, between 
the Ural Moont&ina and the Atlantic Ocean.* 

Finully, we must not forgot here to recall tbe name of Mailnme Cl. 
Royer, who likewise asacrted, in 1873, that the blond Eurepeana did 
net como from Aain. (CongrSa tFAnthropoltqno et dMrcU6>logie 
pr^iLsiorique do Bruxelles, 1872, and various cowiuunkations to the 
d’Anthropolpgie.) 

Most of the writers since Cuno have assigned a very limited terri¬ 
tory for tlie origin of the Aryans, Tims Poeeche, who reiiea axd usively 
on tire influence of environment to account, for tlie light color of the 
first blond Europeans, places their cradle " in the heart of European 
Russia, in the marshy districts of Rokitno, washed by the Pripet, the 
Berezina, and the Dnieper Rivers, where nature is tinted with 
olbinkur. where the people are blond, w'hero the aniinds are robed m 
wliiic, where the loaves and the bark of the trees are faded, where 
reigns that torrible disease of the hair, Polish plica." * 

But alUiOugh climatic conrlitioua may modify the orgaukm, it 
cwn not be admitted Uiat the blnntls are a apcc^jes of albinos, nith 
whom Pffiseho seems to compare them | on the contrary, albinism is an 
ancimiJj whicii is not at all duo to the influeni e of the climate. 

Schrader asatmies south Russia w* the cradle of the Aryans; Penkn 
and Wllser say it was Scandinavia; Koi^siima claims that it is the 
westcTti iiurlosure of the Baltic, Si:andinavia in. the south, Denmark 
and Germany in the northeast, as far o-s megaliths or ceraniies are 
found; while for Michelis it is a region incloaed between the Danube 
on the eonthw'cet, the Carps.tluan Mountains on the north, and the 
Dniept^'f on the east. But alt these territories thus outlined, aside 
from those of Cuno and iCossinna, are much too small. For it must 
have rstiuircd an iiumeiL'ie territory to bring forth the numerous 
hlnncl peophfi which followed one Upon the other in Europi.', in pre¬ 
historic as well us in histone times. On the other honrl, none of 
these Investigntors indicate the stem from which the bloml Euro¬ 
peans sprung, and it Is just that subject which we propose here to 
investigate on the exclusive basis of anthropology'. 

THE BLONDS IN HISTORY. 

The first blonds of history are the Celts; and the first historian to 
use the name JTfilraf (Keltos) was Herodotus, about 440 B, C.; 
though the word Celtic, ITcJlrrKjj (Keltike), for designating the 
country', was already employed by Hecateus (of Mllet), about 50(5 
B. (\ * 

tia ildf Mtm VOQeflrltuiiiJft. |371. 

1 die do Biltnf wtr .^Lfllhropola^, Stm^ IHTA, 'tbA IhmfX fl/ Uiii lu thnf 

iMii botn dPtotf diM5iti«4 Uk 1314 bj- In a co mm ig n i mt i w m lb* *cn:iU*d “I* JFpwiknu' 
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Herodotm aot mfiotlon Cbo pli>^al appearonee of the CbUs, 
but he describes a people, in the nortb of ibe Black Sea and beyond 
it in Scythia, who painted themsekes red and green, which he calk 
BudinJ and which he dwtinguiahess from the Scythian laboreis and 
othojs, “They were," he eayis, “a large and numerous people.*' 
(rV^, 21 and 108.) This proxes that there then existed in Rutssia a 
really red or blond race. But who were these reds? It could not 
have been the Celts, for they dwell farther west; nor wore they the 
F^nn»; but they were an autochthonous (indigenous) race of Russia 
as wo know front the skulls found in the same re^on. 

The name Celt is also employed by Aristotle (384-322 B. 0.), 
who knew that there were Cclte in Spain, that felts had captured 
Rome, etc., but he aleo makes the important statement that the ass 
did not exist in Scythia nor in the Celtic land because that animal 
could not well withstand the cold* (Hist. Anim., Book Till, Chapter 
XXm §7). 

There is no doubt that the question here conccnui the primitive 
Celtic countiy, which adjoined ^ythia, at the period w^hen the ('elts, 
pc^essoiu of umber, were a river^horc people of the Baltic. 

Moreover, all the peoples of the north, says Strabo 0^, 2), were in¬ 
cluded by the ancient Greek historians under the name of Celts or 
Celto-Scytluuns. But the oldest name which the Greeks gave the 
felts was that of Hyperboreans. It is thus seen that by the name 
tkJts were meant people of the north, and consequently they could 
not have been an aboriginal race of Gaul, os even some modem writers 
still assume. 

But where did the Hyperboreans live? "1 have no hesitation,*’ 
says Prnf. JuUlan, '* in recognizing in the Hyperboreans of Herodotus 
(TV, 33) the Esths, the Aesti of Sami and (Gulf of Danzig), the eountty 
of ambt't (TacituE, Germania, 4.^), and in three last the remnants of a 
pre-(ierrannic agricultural and trading people."' 

Let us add, moreover, that though the north of Europe was inoc- 
cereible to the ancients because of the immense expanse of the 
Rhipaian and Hercynian Mountains, it was nevertheless explored 
by soft in the fourth century B. C., by Pythcas who skiiied Europe 
from Cades to the mouth of the Elbe and perhaps even as far as the 
Tonais (Don). It was there that he fixed the division of the C'eltic 
land from Scythia. 

The Celts were called Galatians by the Greeks, wheretis the liomana 
named them Gauls (Galli) upon their arrival in the volley of the Po 
in the sixth century B. C. 

Thi* three names, Celts, Galatians, and Gauls, arc, then, synony¬ 
mous^ pertiuning to one ond the same race, whose characteriatics, 

■JtUOui, 11talal»4«l>Cinlt. Thn* TptiBiMib r<Tb. IIW. Tli* |irtUttiT«hhmcr4ria«C«lUii)Uiiita 
W r4q4 la ihiM mailing Hwk. &» w Ihta a Irtlv of Uu aull»r to 1t» Runifli d« V^oali 

d' AallkTiipDlAflp^ liO. 
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repeateti iniiiuuerabte times Greek and Latin autboi^j are higb 
stature, white skin, blue ejea^ and red or blond ha i r (the difference 
between the red or blond color of the }\mr is of sli^t importance). 
So aUo Ceesar^ comparing the etature of the Gauls with that of the 
Romatiii, eays that the former were larger, the latter srualL® 

Subsequently, histoiy mentions other blond or russet races such as 
the CimbriaiLs, the Teutons, Germansp Goths, Franksp BurguncliiiJis, 
NormanHj but they all were «f tlic same stock as the Celts and came 
fmm the some regions. 

But it is not only the Greek and Latin authors who mention pwplcs 
with red or bUmd Imir in Eiiropi*, for ByKonlino hbtorians, and 
wrltijrs at the begmiiing of the Middle *Vgc3i and even jLrabian an thorn 
likewise 8i>eak of them. The latter e^pecieJlyi os also Byssantine 
writers, have described the external characteristics pf the primitive 
Kussiansp whose name means r^p as we have shown in a communica¬ 
tion to the Congress of Prehistoric Anthropology ancl Archeology at 
Monaco in ItWS. 

TEE PLACE OF ORTGIN OF THE BLOND EfJROPEANS. 

'Where was the exact primitive domain of the Celts? According 
to a tradition eument among the Gaulsp and of which the Pruids 
speak, part of tJiat people come from distant lands and blonds whence 
they had l>eeu driven by wars and an inundation of the ocean. 

The first habitation of the Celts, and consequently of all the blonds, 
may be placed in north and central Germany, in Holland, in upper 
and lower Austria, in Bohemia, in Scandina-^da, in the Danish islands 
and peninsuloSp and in central Russia, as will bo shown by an exami¬ 
nation of prebbtoric skulls. 

Wlmt TVas the cUmate of all these centers I This is an important 
question from the vbwT>omt of uiduence of environment. Wo know 
from Aristotle that the countricfs of the Celts and Scythians were cold, 
but Tacitus (firet to second century A. D.) gives still further detaik 
of the CcUle land in hh description of ihc sea, the land, and the 
climate of the country of the Gerraana, who inhabited the same 
localities oa their one^tora, the Celt* He says: 

On oliier side if the eadlw oceta wbJek an it were*, lbrbld& alJ navigEtiaa. 
Evi*n MW it k mtaXy visited by vtwk from mir mott^L, e^ven if hs 

bnivecl the perik of a wiid* untaown ^ would leave Asia, or Africit, <w U$ly la go 
Id GOTinaDj’ which offioa oaly ft drewy eolmtry, a rlgoioua climala, vhm ev^nv^ftspoet 
at Mvmg ii nvagr^ unUm It Imi oue'tf fAtheTiDad. * * * The country, bv- 

quimtJy TEf^'liig in La ia oovofod with gloomy for^la or jmampir 

^'lalcT 19 Long with them (the GermimB]. 

T&idLus further says: 

l bidieve thal tho Gertniiqs axe iDdjgeMi^ ojid Junvc aoi mic^lod with naw Arrivnlff 
or inmugfftiitfl fiom oth^r peoplefl. ^ ^ * I join ia th-g opinioii qI tliope wlio think 
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ihmt ilnj pnjpicd of Goimimy hjivo out at iJI been nltowti hy intormikjiiafe with qtLior 
pnplcfl. and that tbii nation is intact^ pura-j IHio It^U alone, Honto ihc iwtobliiiiOG 
of Individluh one to anothefH edthough great in number, Atl ha^'e fSerpn blue EFy^efi^ 
reddidh hair laige utatiw^ fit for the fimt onrah, but not for contlnuoua Labor and 
toil; luast of all can they stand heat and thiist^ but under dio itiHunDcoor thotr cbmato 
and loi) they have leeJiiMi well how to boar cold find btingwJ 

Juliuft C^iir likpwiso thnt tho. country of the (Qermnm) 

SueTc* *^ WAS vci 5 ^ co]6f but that noLwitlisiandiiig that they wero 
acetjatomed to cbtbe tUcmaclvpe with only a short, skin which Ir^ft 
pnrt of the btidy harc.^ 

It k also to bB added that tidal waves oft^n ravaged the knU of 
the Celts. Thus Ephonia (303-300 B. C.) rolntcs that tho Celts, in 
order to inuro themiaelves to fearlessness* regarded tranquilly the 
destruction of their habitations by the sen, contentedly rebuilding 
them again ^ and that inundations have always claimed more vietinis 
among them than war (IV* 44). 

The C‘tmbriftnSp another blond people* were* according to Flonia^ 
driven out from their country by an overflow of tie Baltic* about 
I M B. r. But Strabo* who thought only of the regular ebb and flow 
of the nccADp docs not believe in such floods, expressly rejecting them- 
Their recurrence, however* has been witneaaed m the ^tiddlo jlges 
and m modem timea. Thus the inundation of 12?7* which gave 
birth to PoUart at tho mouth of the Etns, Is said to have dcatroyej 
43 parishes and to have coat SOjOCMJ lives in Friesland; so again» the 
great “Mandrankcl"* (drowning) of .SSeptember S, 1362, annihilated 30 
parishes and carried away large portions of tho islands of Sy!t and 
Fohr (Schleswig), Thf3 great mimdatkm of Clirktmas, !717* aub- 
mergedr according to tho testimony of Arends and d'Eilker, lQpS2S 
persons and 90*000 head of cattle,* 

ORIGIN OF THE EA<^E* 

All the blond Europeans were, then, natives of Europe it^velf, and 
did not come from. Central Asia. There were, to be auro, both before 
and after the beginning of the Christian era* some blond groups in 
Aak and in what is called Ou Sun, Ting ling, Kiankuen, but that 
was in the north of Chinas according to Chinese annak." Besides* 
these blonds spoke Turkish and they dkappearetl by being at^orbed 
in the mass of the yellow Askiica, 

As predecessors and ancestors of tho blond stock in Europe there is 
therefore none other to be considered ^h an the Quaternary race of 
Neanderthal. It h true that the anthropological characteristics of 

^ ThdtLLL Dem&GlA, 

f De»r, QtUlc Wir. 
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tills Quaternikry nice differs from tho Neolithic rate which 0 uccced^^d 
it| but tiw ^^eoUthic doltchocephalB of the north of Europe fi^uently 
present aiayistic clmracterkLics which retail their neonderthaloid 
origin, fts will ho seen below* 

It has been observed that certain animals imderwent modifications 
during tho Quatemaiy epoch through the induence of temperaturG, 
showing thomsdvts now os cold and then as warm fauna. IVTiy 
should not pardcular modllkations of the organism have taken [>hice 
in the human species also under the inffuanoa of climate? VHxy 
should not om blond variety have bocomo so by the cold, and another 
brown have become such by * more clement iemperatnre? What, 
then, was the phyaiohjgicfll process in virtue of wWch the primitiTe 
blond races acejuired their characteriatica^ 

I thiiik that under tha inlluenee of the cold climate of the epoch the 
production of cutaneous and capLllarj' pigment in the human organ¬ 
ism was so weak that the skin bleached, and the hair and board became 
lighter so as to assume the coloring of red or hlamJ, for the different 
roloriugs of the capillaij' system depend on the greater or less quan¬ 
tity of pigment resident therein, lienee it itssults that the iris also is 
pigmented and consequently of u bright color. 

But %vhen an anthropological characteristie becomes modified, other 
clmmcteristica vary simdlanecmsly by virtue of dio phenomenon of 
correlative variation. Thus the akoleton underwent certain modifi¬ 
cations as regards its heighi and other dimensions; but besides the 
inffuence of the diniaie upon the organism, account sliould oLao ba 
taken of tho manner of life of the Germans (and doubtli^;^ also of their 
once^itors), and the care they took to stimulate growth in the entire 
race. 

Thus their whole life was passed m the chose and the exercises of 
WOT. They hardened themselves from Infoncy by work and fatigue. 
It was a kind of sport vety conducive to bodily development. 

They chiefly on nulk, chee^, and meat, for they devoted 
thflmsclves but Uttlc to agriculture, and, in fact, of vegetation iht^y 
had only wild fruit to consume. 

Each mother nuisad her chUd herself, never intrusting it to a 
sen-ant or nurse, and it was allowed to grow up entirely naked. The 
Germans paid much attention to the period of puberty of the young 
people, and tTulius Cscsar said that it was considered a disgrace with 
them to have knowm a woman before the age of 20, They favored a 
retarded puber^ in the conviction that this was conducive to a robust 
body and ptrong nervea* Tacitus adds that they Tvere no more hasty 
in Tnarrying off their daughters, so that the wives, being tho men's 
equal in size, health, and vigor, transmitted their strength to their 
offspring. Finally, the Germans frequently took warm baths in 
wintnr and cold ones ba summei^ in tho rivers. It seems that they 
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pJtuigcd their new-born infanta into cold viator, a custom that, wmng 
an outcry frnm Calen;^ the celebrated Greek physicbn of Lhatj time. 
Hero is what ha says on tho subject: 

^liirk of U3 <Mu\d fUnil tko piigliL of a mull mfaatp ecutrely bom, stiW all wjirm^ 
to ike rivn and plunged into iha u a pi&ce of hot itdh, And thii, no the 
Geftmuu ay, In nnier to put Its natuf^ to tlio tcet and it the lime to nriengthen 

Ilh body? * * * * Pqr whnUicr it pLojidj the iMt without becoming oick, whether it 
nhawi that It con keep I(jii Inbom fftrcngth and require Additional vigor froin thia con- 
tart urilh cold wnter, h aomothSiflg wldili everyone can know', but whether^ on the 
cautnryp tf itff natural wpLTuith U ov^cccomo by the citemal coldt tt muat nceasaiiily 
die, Ib mnothmg which no kanvi, ^Vltat man in his Miueg and who Ib not a v«ft- 
Ublo SAV^^, a ^jiklnnp would wjint to submit his infant to such a test, whom failuie 
tnoftni deaths and ihio without deriving any great advaotago frcua the lest? '■ 

Aside from the l&st-metiiioned practice, which the Garmaus con- 
aidared as prohubly efEeaeiotiSp it can be seen from the preceding that 
they attached great importance to the physical culture of infancy and 
youth; hut seide from their tall sUiuro the Germans and their prede¬ 
cessors were also corpulent^ for Galen WTites on this subject: 

Jt b emid that in cold countries mau becomcji otouti nud iw ujumpleo lunu quoted the 
Uelt^, iho Thrac-iiuu, tliu Bythlniaiu, people of iho Pontufi and the GalatiuiA. 
All thw p«opJos inhibit a cold TOuutiy, and luo gem^riUly staul.^ 

(I quote this remark of Galen w'ithoui mamting ini it.) 

It may be ehjectedT as regards the color, that the Piima md Lapps 
reside in a till more northern regions and yet remain brown. But to 
thia it may bo answered that there uro blond or led Finns, and it can 
not bo said that nuxture ifi the cause of their light color. There are 
oTon entiro tribes of Finns whicli confiis.t of blonds only. Thua tha 
Horde vs of European Eusslu are divided into two separata ttibes, of 
which one* the Erses, includes only individuals with blond hair^ gray 
ejesi and light color. The other irihoj the Mokahos, on the contrary, 
consists of tw'o varieties of individuals, of which those that are brown 
with dark eyes and t awny skin are equal if not superior to those who 
are blond.* 

Among the Finns of ^Isia there are blonds or reds in a laigo or small 
numberp according to the locidity. I should state herCp anent the red 
or blond FinnSt that I make no distinction from tho point of view of 
anthropology botween blond people and people with rod hair. In 
fact, the blond races begin by having tho hair rod before it becomt^ 
hlond^ just as they may have eyes that arc green before they are 
blue or grB.y; but before thia Iransformation k completed iu the 
entire race there may yet be individuals wuth red hair and green eyes 
In the midet of others who aro more advanced In this evolution and 
who have blond hair with blue or gray eyee. Thb k a phenomonon 

■ OkUm {CL}. Opm Onec via Lam of SfUm. YdI. % pp. M-41 I&itnlt dtl 

katran cim»mi3t tk (iffirE{}fah fdn GfCL|& Pkra. VH> pp. 
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wbicli cim be stin ebeorrcd among the Fiimap who are gon^rally rather 
red than blond. 

The Germans deacritjed by anrient author^ had red hair, while the 
hair of the Gauls was rather blonde and notw-ithatanding this the 
latter^ as is wall known, tinged their hair laith a lotion of llmo. 

Since, then, them exiated in Europe both j^d and bloncl Finns, if. 
may be concluded that the Vslonds of history;, the Ceilto-Gftukf the 
Qmbrianflj the Germans, etc., w-cre the deaceiidantp^ of ihtsse European 
Finns, the more so because certain plnlologifits maintain that the 
Aryan languages are offshoots of a branch of the Finno-Ugrian 
langtisgDs. Thus Kooppo^ as the result of a comparative study of 
these different languages, canto to the conclusion that there was an 
original relationship between the Aryans ami t!m Finns, and even 
pliftd to that original stock ih* nauio of Ario-Finen. Ho thinks that 
these? tw'o races lived together In the north of Europe during a very 
long period, and that they even emigrated together at a very distant 
time/ 

Bui as our vipw^ are based cxclUEively on anthropology, we must 
turn our attention to the fikeletons wdiich have heen found in the 
n^ons occupied by the old blond Eurojiean races, and which we will 
study in order to learn whether these abeletom, and parEiculnrly the 
skulh, may not give us bettor information on the origin of the prinii- 
tivo blonds. 

THE SKULLS OF THE PREHISTORIC BLONDii. 

Wlion Tacitus said that the Germans were indigenous (outochlhons) 
hi> w^as not wTong, for the skulk of the neolithic pi^riod which have 
boon found in northern ami central Gormany am, in great part. 
rlolichucephalEc and presentj moreover, a correepoudenca to those of 
the rmliengrfthrr (tombs in mw*s) of southern GermaiiVj wliicli 
are considered as havitig belonged lo Uie blond Germans. 

But it is not only in Germany that those neoUihie dolichocephalic 
skulk with Germanic type have boon found, but also m Holland^ 
Denmark, Sw^eden, Norway, in upper and lower Austria, and as 
far as the kurgans (tumuli) of central Bus^a. We shall therefore 
Burvey al! these regions in order to recover there our neolithic 
doHchocephak, and at the same time to nscertain the evoliitioii 
ivhich they have undergoive in the tramition to the brachycepbalie 
type. By this it wUl bo soon how* necessary k the measuring of skulk 
and of the skeleton, in generabin an inveatigation of the origin of the 
humim races. 

But how is the cranial type of the blond Germans constituted t 
It ia well known that them were brown dolichocophak in middle 


* Rwppft. Omtirithjtltindq eedf Iq net* *t Onao' 
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Euroj^o^ and It is lJi<^refore necessary to tUstingnisb between tbe two 
t}T:>ea. 

Here are the principal characteristics of the GonuuJnc skuUj accord¬ 
ing to Vtm Hdldei" 

Bficn from the akall proaeats an elcraj^otcd th4p&^ Wunlcd, bestagonaJ, ^nie- 

tinit'* oval. Tbe cmaal Jiuiuro ii cli£pllc md exteuils toward the hvikr Tho 
moximuin width *>f tlte ^"ault u more notirenhlo forwurd than with tnichjfceptnil*. 
The oreiput haa a pytanmkl iosm, straighl {w t*nmw), blimted. Eeea from behiinj^ 
the upper rune iua tli& appoamnee of a roof; tlw aide# aro but awflled eui aiid 

fall EiHirly rtmlglit; iho base hm ueaily the sMtte width u the cllatance betwt^a the 
lalGuil walLs. The hoi^flit of the ekuU eaccedjs or equalj Its broadtb. &een from the 
profile, the head U mederalely pn^enuthicp ofwu crtliugmthie. Tho luce pn?Beutj a 
b i fib Olid aiairow' {er atroiish*) front and visage; the eupeicUiaiy wulls are lutieh 
developed ^ especially iii meUi ihe eyo EncheiB (wbile) aro d modiuin «m, with nearly 
homoutril uppiir rlma. The nc^e ia Btraight. with a rowlemtely ctmTsd ridge. The 
foffinatioti of the avohmw m aifnight and high. The ctanhd cfipacity la oontlderabKy 
larger than that of the bmehycephala by reaeoTi of the much larger diameter of both 
width and height .^ 

Btit beaidc^^ tiic cranial cJiaractcristicSj cortuin poeuliaritips of 
olliar ports id the skeleton should also not ho nogkvcted. Thus ihcro 
are often policed plnlycnenud tibim in the noohthic dolichocephala 
of Germany; then the tall stature which was tilready fnoticed by the 
uncient writers in the blonds of their tiniest. 

It needles to add that tlie German dolichooephois do not alwa)'^ 
sJifnT a full eascmbleof the diaractciiatics just enumerated; little tlterd 
b Bometinieij what is called a disharmony between tbe cranial vault 
and tho face iix so far os the skull is doUcho(^]>haUe while the face b 
short and round, for there tn-o sometimes trsnsitorial char actor isdes 
from tho dnlidEiocephallc tj^jo to tlio brachycepltolic iyy^. There 
are even met with in the excavatioiia complete braehycephab scal^ 
Icred among the dolichoc45ph!tis, but they are nothing less llnm the 
result of dm trtinsfonnation of llte latter under the influence of 
evolution^ so that the problem of these brachyoephtJa h tlius in our 
opinion solved- They are all German skulls, but auii os have lost 
their ori^ial dohehocephalic type without the intermediary of any 
admixture, 

PHEHISTOEIC BSULLS OF GKRif ANY. 

HheniJih In examluiiig the finds of the Jat^t cscavationsp 

those, for iustanve, w hich have been made near Worms (Rbeinge- 
wann, in Rhenish Hesaia) by Dr. Kochi, where ho found skulk of tho 
neolithic jHiriod, of five skulk wldch could be meiisured, four wore 
clohchoteplialic and one mesaticephalie. Tho faces of ihm& skulla 
were in a bud state of preservation, still it could be uaaumed as certsuu 
that these neoUthics had long aud norroiv facea, high sockets (orbits) 


^ wm HsLlef. UDlasdcbi^liBfll ab«r clta SlmMcAtadj lia dea TaiTimiiJH±Hi HOfilirubeni^ 

tMibeft. iSm. c. R. Ml R#™ di VttxAt dWnlhnipetol^^ by 
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ncd projecting nod nam^w nosra. Virchow, who had studied these 
iskulk^ thought that tliLj noDhthie mco of Worma was Aryan p or at 
loaat of ttiQ stock from frhicli tbo Aryans issued. Besides the skulk 
thcro was ftko a largo number of plHtycnemic tibkp, whole or 
brukon. On six sliclctons the platyonemy could be iticasumJ, and 
Uerr \'ircbow tarried oul- the meosuruig accorduig to the French 
methckl. 

Herr Kfihl opeiieii in llip presence nf Virchow pomp graves of the 
Komnn period and took from them four skoletoop whoso skulk were 
diflguoiipd 03 mRifiticophiutlc; only ooe was on the border lino of 
diiliohocophoiy/ Hero, tlwn, craiiiul evolution was more advanced. 
At Rheingpwann. nt Fiomliom, ami at RliebidurkJirim, in tbo same 
vicniity of Worms, tbero were found skulk of the end of iho Bron 2 e 
Ago which were meaatkepluiUc or doliehocepUalu! (ospccbiUy those 
of Fiomliom), while at Aillersborg, still in die sunio region, the skulls 
of the early Bronze Age were hrachycephalk; that ia, evoluted. 

Bartck was able to make u more complete ci>tuiiarative study of 
these places, fur ho had at liLt dk|H)sHJ a series of 50 skulls.’ 

However, the evolution varied according to the locality. Thus in 
13 skulk (6 of men, b of women) found at Akhcim (Rhcniah Uessia), 
the middle index was 73.S, tho maxiniuiu 80.3, and liie mini¬ 
mum 69,8.* 

Baden.—Accordiiig to Ammon, who made a apecml study of the 
uiithropology of Baden, the cephalic index of the population since 
early German times has been generally approacliing brachycephaly. 
Thus in the rediengraber doIicUocepUalic skulk are found in tho pro 
jHirUon of e9.2 per cent with an index of SO, while hi the present 
inlmbitanla the propwUori k only 15 per cent. On tho other hand 
the brachycephak, with an index of 85 and above, constituted only 
9.4 per cent among the old Germans, while among tha present they 
are represented by 33.S per cent, 

Ammon ascribed the causo of this change of the indices to some sort 
of natural selection which Is noticeable everywhere, in the army, 
among professional men, among merchants, and in tho laborhig world. 
Accorting to this theory natural aclection differentiates and separatea 
the different classes one from another and effects subdivuions within 
the classes, particularly in the class of working iieopJe, whose eeo- 
nomie and social rlw, ho says, k made possible only by selection, 
survival of the beat ,* ' 

^iiTtaw. Emeibimf jHSblilartiiSMf unili ifttlidia OOUisr In Wtrtai. ZcltidinR Mr Xthnolesfe^ 

1 Bmtfii, t'lwScbiiMilirStSniiiliuuld^babfii tlninHiElLAWdirUciftt*^ 'oii Wiiniij.^aiMilL 

ZctOcli. t. RUnuloclt, UH. 

’ VltiAsw. Bdlici^bcrlclil* M AOtarlm. ZdlKb. L Eiabukdii, tlTT 
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—Of Bitrariu wiy mnj iniconl tin? same phenomcrton 
obsarvedj natninly, the traTtsfomiftti™ from dolichoeephaly hracliy- 
cephiily, Thns the proixirtion of hrachjcephala in skulls of the 
reihongi-aber is 14 per tent; hi tho^aof the tenth to rwolfth eotituriea 
(fniiud i\t Lmdftu)p 32 per coni; while in ihom of the present popula¬ 
tion of BouLhem Bavana it is 83 per cent.^ It even did not require an 
imrneusumbJe time to produce thfcs enorTnous change, for we know 
how many ^'enturies piissed shico the close of the tenth century during 
which dolieluH'cphaly has deereaeoLh while hracliyccphiily has in- 
creased. 

—The anU^e^leticeoF the dolichocephals is here iiuteclp 
as hi Bafleii^ BtiTaria, and KUenLsh Hessia. Thus, in the flat graves 
(without tutnoJus covering) of the neoUtMc perimj^ w^Uich were dis¬ 
covered in 1SS7^ iiear tho Seel berg, three skulk were found ha’^ing an 
index of 72.4 to 77^* * exhibiting tho complete Geruiaji tj-pe of the 
Merovingian period (from end of fifth to middle of eighth century 
A, DJ. 

The TTalklait hhgelgi'a.bpr (hill graves^ beginning of the Iron 
Age), of WQrttcmbergj have furniahed S7 skulk w^hich iim formed m 
foUowTH: 75 more or less elongated^ with an index v'arymg from 60 
to 711.2, cons tit u ting 8(1.2 per cent; while the short skuUa, with an 
index betwreen 80J and 89.8, numbered only 12, or 13.S per cent. 

As rcganls their type, Von Holderj who has studied them, conckdv 
defined it m follows: 

The and ^e^ssticephAh, which exhibit all the otfscaikt rkameteti-®- 

ticis of the GemkAn tvp?, am ef tlic tama IeidiI aa the Gemiaii miheaiifHlho'r of WOrt^ 
tember^ (feiixrih to oij^hth eeatiuicfl). Them la m 4oubt, i^nuu-ks M. Flcn^d, that 
Siiabla, \hs cotlatr^' helween the Ehine and lha Danube, during the nallitntt 
epoch, thfl abode oI a co&sidciable port o! tho gmat nurthem race ^'hoee iTioi~eineiita 
10 or 11 ceotuneo later ott waa Ui ohake tho Romnu Empim. Tho dolfrbooephiilB 

were, then, the aDceatara of the Suoviani and Mafcomana doacribod by Tadtuo 

* a * . 

It is at the utmost, if at the end of tho early Iron Age tho brachy- 
ccphak, who now predominate in nearly all parts of tho countly, 
counted here and there a few repre&entatiT<s>^ Wo nugUt quote 
other prook, derived from the cxcitvaiions in Wdrtlemberg, of tho 
antecedence of the dolichocephak. 

Prussia .—In passing over into north Germany the same facts are 
ohseiv^ed. Thus from Tilsit to tho other end of the country, in both 
ea;&tcni and western Prussia, and in Pomerania, thore have been 
found a numher of skulls of the early Iron Age—all of them doli- 
chocephaiic and aiways of the same type m that of the rcihengr&ber. 

* auUkfiv FttUxraUt«laiticl£ebfi flcM4«k Emd Unbiliu a\M l4Ai]iu. StEinnjmiwiHi^iii* djiff EaciJfi;- ha.yts 

liiln^EL, Wp , vvl. 3T. 

* If. Ton Ufiidcf. Im TiM3U]HlltalSlJL^ii4ayuW'antuELbffv,riev^(d io' ika RvrLwdrrEmla 

4 'AaiaiapAlufir, IW. 
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But while ea&t of the Vistula there tt senes of largo skulls mbced 
with Jong iJi^LOHp yet west of the riwr^ in the present Pomerania, only 
dolieh( 3 eep!iaUe skulls were foundj fmm which Li^auer concluded 
timt it was bore that the Goman race originated^ 

TJiese skulls recovered ivctm the liugelgrikber of tl^o surroundings 
of Neustettia (Pomonmia) aits estictly like tliose of the Hugclgdkber 
of southern Gtsrmany; that they are Jolichoeophalic; but along 
Viitlt tiie pure dolichocophulie type of the roihengriber there wera 
also larger forms^ the rcatsult of a more advanced evolutioUi Other 
older skulk; (belonging to the period of transition from Bronj^ to 
Iron Age)t which have been found in Pomerania at Oisssu^ iiciir 
Danzigf in western Prusshij an? tikewbe of the doUchoeephalic type 
(70 to 70.2). 

Pimilly three still older skulls (ueolUbic) are likewise dolkhoce- 
pbidic. One of thoise came from a tomb in the plain of Con]avia, 
between Thom and Inowraslaw (western Prussia), and had ti cephalic 
index of 06,5; it was msssivep with prominent superclliaiy* vaults 
iiearly running into one another at the frontal joint (glabella). The 
two other skulls, whtcli wore found at WiskiavteJi, in Samlond (north 
of Koenigsberg), had indkes of 63.1 and 08.S.“ 

Since Lipsaueris publications in 1874 and 1S7S other fmda of pre¬ 
historic skulls have Ijcen made in north Germany wliich confimi the 
conclusion of this author regarding the doUchocophaly of the prirai- 
Uvo blond Germans. Thus a rwditluc skull discovered bj Ilolliniiim 
near Tangermutide (ccutral Prussiap tlistrict of SbeiiduJ), and exam¬ 
ined by Virchow' in lS 8 il, had an index of 03.5 other skulla of the 
same locality had indices of 71.5^ 76, and oven 77.7p which niarks 
quite an advanced evolution for the lust- two, but the correapond- 
ing tibiie of the skeletons were hi part sligliliy ptatycnemic like other 
neolithic skeletons of German origin of Ehetush 

Schunmnii in severid commumcations to the Anthropolo^cal 
Society of Berlin in 1891 and 1894 discussed neolithic Ekulb from 
ViLrious partis of uonh Gomiany which, besides being iloHclioccplialio, 
wt-rc analogous to the skulls of the reiliengraber or south GennaJiy. 
Thus a skull from Glaaow, near Ldeknitz (Pomerania), had an 
index of 6S,7 and vety prominent superciliary vaults. Another, 
found ut Ciisckow, in the region of Randmv, had an index of 72.2, 
and a third of 07.10 from Oberfhrf in the vicmity of Buhlitz.^ 

Fimilly, four other skulls of Uie Koman period, discovered lU 
Borkenhagen (region of Coslin, in Pomerania), showed indices of 
U9 p 8, 71.3, 7L5, and 72.7, although these would he much kter than 

I IJiHLiir. Ormlii pmsdi^ ZtlLKhr. 1 . EthnoL, IBTi, 159 ^ Si 
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ttic n«?olitliic peri(xi.' Hio evolutlob which in oltler IcM^Sitks had 
ajrcadjTclativoly adyanccd woa leas notiot'able in. more recent pLiees, 

Aecorcliog to XiasauiT tho midUl« copbalic index of 2S2 present 
Prutfsiaa aknlb is 79.JS, 

OLI> DOLTCHWEPITATJ! OF ffERKAN TYPE FOUNR OUTSIDE OF 
PRESENT GERMANY. 

Tl)c countries hi whiidi these skulls are met with are many and 
widely extended in Europe, 

IloJlaiidt —In tile nortlie&ht of this country there have been found 
in certain tombs, called Urpi, dating from ttie Infginning of tlie Chris¬ 
tian era, ^9 skulls w'huse medium cepliidic index is 74,S> There were 
54 per cent dolichocephalki 3S iwr cent meuatLcephalic, and only 6 
per cent bracbyccphalic,* * Tlie doUcboeephalic were identical with 
those of the reilieiigraher, while ilie bracbycepbalicj os it is seen, 
were but slightly represented down to historic time. In contrast to 
this, of 80 skidb of liic fourteenlii and fifteenth centuries there were 
not a single one whose iixde^ was less than SO. At present the great 
mass of tlio people of Holland ore of two brachycephalic types, one 
blond Uie other brown, the fanner with u mitldle index of SO to S2, 
till? latter with one of S4 to SO.* 

—^In tliis country, which adjoins south Germany, were 
found skulls which were miieli older than tliose of Holland, for tliey 
dated from the neolithic period. At tlut time the large majority 
was dolkhocepliaJic, while at ji resent tho Czech poi>ulatlun, iis well 
ua the Germans of Bohcima, are br&chyceplialk. Only tlieir lan¬ 
guage separates litem. During tlie Stom* Age, says Niederifi,* a 
round skull is extremely rare. 

In tho llulbtatt period llio percentage remained in favor of dolicho- 
oepJialj; it is only jiiuch later, from tlie eighth to the twelfth centu¬ 
ries, that brachycepholy hcgiD.<i to predominate, 40 per cent brachy- 
cephnls os opposed to 30,9 per cent of ilolidioceptnds, FtnuUy, the 
skulls of tho sixteenth century, examined by Idatkgha, are tnesati- 
oepholic in tlie proportion of 25 pew cent, and the dolichocephalic 
only B per cent. TI\at ecUolAr also stated that the proportion of 
brachycephals is much larger among females.* 

The following summing up of Zuckerkandl shows the gradual sup¬ 
planting of tlie dolichocepliaJs by the brachycephals in BuJiemiar* 

PrrAwftoricfiw.—I.rf>ngskulls, 57,1 percent; middle, J9,f |wrcent; 
short, 23.8 jrer cent. 

j Bphnmann^ S:lt«l«tcc9bflr mlt rilmlBclua t IHM. 

» n. Cr f Did ijer NofilvVlrilatv^ ale. Amj^v Ukc AolLn^tfikifiap IW. 

Uebcr4]aVcrbnltuAt^t^llibur^^lnilaiN^doliuulttiu 7^1tMhr1ft‘arUmphalafle^ 

*■ Dfi rtencrrdcWscii^^ Uammjiia Wgn ua wim, 

t- Autlmipalcvl V^’aUoa.' rra^,, 

* CDDfr^ 4ki JGdiffc ihUkT. oJloftb TtonnoleWj Ism. C. R. Id MRllulL d£r Aslh. 
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—Long sknUs, 0 ; middle^ 17.5 jjer cotit ; BUort, 82.5 

per cent. 

Tiiu chiuige is due tu the transfomintion of the dolkhooepheHo 
typo without the influence of n foreign immigration. 

It should bo noted thnt although tha evolution wtts a gradual one, it 
did not require an indeflnito time, for the modification took place 
gradually, nbnost from century to century, ns Is proved by the flmls 
in graves wliicli are exatslly dated. Thus ‘the graves of tlm tontU 
century futnialicd 58,3 per cent of long skulls, while in those of the 
twelfth and thirteenth centuries there are no more then 23.6 percent. 
At the same ^mo the cephalic index incronses. Thus tho cephalic 
index of 74.(36 in the tenth century rises to 76,19 until the end of the 
eleventh century, and to 7S.26 until the end of the thirteenth centuryj 
in tha skteenth century it is already 80,77, and at tho presont time 
83.i9.‘ It is also to bo remembered that the oldest Quaternary race 
of Bohernia was Ukevpise doUchocephaliu to judge fro'm the Brux skull 
which dates from the Moustenen period. 

As legartU the color, at present the brown type predominates in 
Bohemia, while in the Jfiddle Ages it was still the blond typo. 
Finafly, the historical documents dating from the end of the firet 
century, point to the fact on which Niederlo insUls, namely, that the 
Slavs of tho East were htoiid and had blue eyes. .:Vs preldstory 
teaches us that the primitive type was doUchocephalic, «o history tells 
U.S that the primitive typie of the Slavs was blond. According to 
Weissbach the middle cephalic index of 221 modem Slav al^dls is 
82.96, and according to Sfeyer and KopemiM it is 84.4 among the 
Poles and Ruthenians of Gtdicia. 

In the weatera Provinces, German as well as Slavic, the 
primitive population was likewise dolichocephalic, for the ratio of 
doHchocephaly to brachyccpholy was ori|piially as 87 to 13. Sub¬ 
sequently tho relation was reversed, os can be seen from the foUovviag 
table, according to Zuckerkondli * 
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Eunffory .—At Lufigycl, in south Hungary, fiT$ prehistoric skulls 
haTe been found, four of which were neolithic and one waa of the 
Bronze Ago. They were measured by Virchow. The first four, 
which wore mate, had a cephalic huleir of 74.3, 7S.2, 63.S2, and 67.5, 
wlule that of the fifth was 77,3. Virchow said that these skulla 
greatly resembled the neolithic skulls of northern Europe, and 
added that they miglit even be cotisidercd as of Aryan origin, or os 
representitig one of the stocks from wliich tiio Aryans sprung.* * It is 
probable, however, tluit those tloUi-hocephak were merely linniigTants 
frujii tlio north. In any t-jiiie they prove the wide expansion of the 
preliLstoric blonds in Europe. 

The hl-ts of Btifain ,—In the long barrows of tlio Stone Age, as Ui 
the tumuli and caves of the same period, were found skulls with a 
niiddlc index of 72 for S8 skulls, but not of the German type, as their 
dohchocephaly was more meridional. They are, therefore, of no 
senica for our subject, the less so, os liie stature of the skeletons b 
jiiuch shorter than tliat of the dolichocephak of other countries which 
have been connected witli tlio blond stwk. 

After tile UoUchocaptmla the brarhycephab ctune, bringing bromte 
with them into England. Those are found in the round barrows of 
the Bouthem part of the country (with iidfldb cephalio index of 30 for 
)03 skuHa) ; hut they are not to ho considered aa tlw descendants of 
the neolithic dolichocephals, as they were immigrante. Besides, tJio 
pottery of the Bronze Age fully resembled that of Central Europe.* 

The only brachrccphals who might be descendenta of the neolithic 
doUcliocephals aro tliosc of the same period who are found in different 
parts of tlie British Islands, not in the long-bairows, but in tlie 
tumuli, in caves, and in other graves. Tlicso ncoUtliic brachycepliala 
aro quite different from those of tho Bronze Age. 

There wore, however, in Great Britain blond peoples, wliich Strabo 
has speclIiealJiy doacribod: 

Tba Brilciu ani miuJi ulltir Uwn ihe Celts (Gsuh) iinil less bland, but of * gentler 
lamperaiDcnt. To give sa iileq of their ibuue, we b»ve seen with mtr own eyes iii 
llaiue that whan scaiceLy «marpi6 fnm ialaacy tkey wnald niquis the UUleat p«o|iIe 
In the city by half a foot- 11 eliauld Lu addeU that nloag with this they are bow'-le^ged 
and their bodiat are genemlly iU'prepDrtioned.* 

Tacitus, who must have been well-mformed about the type of the 
Britons tltrough liis father-in-law, Ltio Roman general,* jVgrioola, 
dwells particularly ou tho variety of their external diaracteristicH 
(habitus corporum varii), for he describes the reda and bloods among 
the indigenes of Great Britain, lie aays: 

The rvHWt hair of the inhabitants of Caledonia and thaU Iiug» sue att«it Ocretao 
origin, * * TJio Brilona neoresi tc th« Gaul* reremhlo them, either by rewo 

* flxcurvfcin aacU i^KdcfaTirt tfta- EUujula^Sp lim 

*AbBCr4qibT. Tbl4rtd«it IhllM Af*«rUEUC!typ« hi Anthmpnla ffc^ 

of (awt Briyila^l<IKl2. 
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of ihs Imprct^ of the sfimo Drlgiiip or IwcflUH in thiw couutrieep vhJch face one 

ftAollier, the Jtk^neai ul tlic climate boa given ihe body ihn fi&mD foim. But it ii 
piobabb tiuit ibe Gmulv bad eettled In the couutiy m n-cnr to them J 

Hie Britons witli brow^ liidr ore placed by TadtuE m tlits sou t!iwest 
of tlie GriUic couotn% "The tawii}" coloPi tlio genorally curly liair of 
tlie SUures and tliaLr location oppodte Spain suggest tliut the andent 
Ibeiiaiia had crossed the sea to settle in the country.'^ ^ , 

The Spanish origin of the Silures docs not seem m doubt^ and m for 
tlio Caledonians (Soots) of German type^ they must he^ in onr opinion, 
Um dciicendanU of t^o Celts who invaded tJie British lahmils toward 
the eeventli or oightli century Bk C.^ or even of blonds preceding the 
Celts. Howovor that may be, it may he assumed^ on tlie authority of 
Tacitus, Lluit in ancient time there existed in Groat Britain botlk 
blond and bro^vn intligcneSj just as at present there are blond and 
brown Englklimeu. 

Stilly according to tradiliou^ the blootls were in majority there 
during tlio Mitidle Agee, not so much oq account of the imtiijgradon 
of Anglo-Saxons, Danes, and Normane, but because the blonds were 
already numerous there before such immigratiurn 

'"It seems perfectly proved,” says Prichard, "that tiio color at 
present predoniinating in the Biitisli Isles differs marketlly from that 
of all tlie races wliicli entered into the formation of tVie present 
people. We have s^n that the ancient Celtic tribes beluitged to a 
blond race, and sudi also were tbe Anglo-Saxons, the Danes, and tlm 
Normans, lastly, the Colcdomons (Scet^) and the Gaelic (Iriah), like- 
wise, were a people with wJiite skin and blond Iniir, and yet these 
peculiarities by no meoJikS form a constant characteristic among tlio 
mixcil dest^eudaiits of these blue-eyed races.” * * 

According to Beddoe^ the people of modern EtHglaiid, ns regaitl& 
the eyes and the luur, are darker than those of Scothunl. 

—TJie bcsi-knoWTi Danish skulls of tlie Stone j:ige are 
those of the celebrated lumulos of Borreby, in tlie southwest of 
Sjnlland Idond, w^hich are prei=erveil wilh otlier akulls of the suc¬ 
ceeding ages in tlie Muaeiim of tlie Antiquities of the North at Copen- 
hugeo. ’tTrehow, who had measured iam, found for 25 skulls of 
Borreby a niiddle index of 79* Among thorn there wera brachy- 
cepliok m well as dolicliocephak, but the latter were in the majority* 
Otlier neolithic skulls of Denmark (Islands of Moen, Falster, and 
l^gland) were combined for measurement with those of Borreby, and 
yielded the somewhat lower niiddle index of 77 for a total of 41 ^kuBs. 

A particular characteristic of a oertoin number of these skulls com 
sists in a marked jutUiig out of the orbital vaults, similar to tlmt of 

iTicEhu. LUbof Airksola, SoLt, Xi. 

* Idnn. Oji. dif. 

» Pfkhftftl. EUtoLri JWtar, di I'hojaaiu. Trmch tnmid^iluBi hf I'wO, 190, 
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tlic Xeandertlinl mAtt, which Virchow wilh that of Oie 

present AuatrnlianSp 

It msyi therefore, h& concluded that these akulk are of remote 
antiquity, notwithstanding that some of them are brachYoephalic- 
In any case, they are not Ijapp, howBoever diey ma}' show the type 
called Lapponoid, for the Lapps have norer inhabited the Scandma- 
vian regions below 62“ north latitude- 

For tlie Bronze Age Virchow could measure only three skulb 
wI)f>$io middle index is 66-6. The five ekulls of the Iron Ago Imvo 
indexes of 65.5 for the earh' Iron Ago and 69*1 for tlio later one.* 
Since the publication of Vircitow's measureinenta of the prehistoric 
akiiU^ of Uie Museum of the jVntiquitics of the North, Soren Ilansen 
exarainctJ five other skulls of llic Bronze Age, while Prof. Nielsen 
has studied the entire preiiistoric population of Dcnniiirk afc different 
periods. 

Thus Nielsen stated that of U9 akulk of llie Stone A^b there were 
8-1 dolichocephalic, that b, 70 per cent, and more tlian half of these 
S3 neoHtldo skulls (47 per cent) were pure dolichocephalic, with an 
index of 75 or leas. Of the skulls of the Bronze -\ge only 1 vras 
brschjccphalic (fil) and 3 inclined to an index of 7P. Of the 35 skulk 
of the Iron Age, lastly, only 1 was brachyceplialic (SI), 2 had an 
index of 79, while 25 had one of 75 or lesH.= Ee^ide^, the Bkeletons 
found in peat and those of the Iron Age are particularly lai^ge. 

Fmm this prepondoranea of doliG!ii>oephflly during prehktorjo 
tim^ in Denmark we conrludo that the popiihition timtB was then 
blond, as in Germany and the noi^borijig countries; and ragarda 
rhe prehistoric brarhycephak of tho different age^, they were related 
to the correspmding dolichooephnk. At pi;e$eiit., didichoropljiily 
seems to prodominato, though meuaticephaly and brachjcephal}" are 
not wanting. By far the greater part of the present population hftis 
chestnut-colored hair, but with light eyes, whUo dark eyes are rela- 
tively ram. There are likewiso some blond-hairod.^ (The obsorva- 
tions were made on 2,000 individuiik of the age of 20 from the 
southern and eastern parts of the peninsula of Jutland.) ^ 

Swid^n .—In this country, already at the period of pohahed stone 
implements, there were t^ee races: ( 1 ) True dolichocephak, with 
elliptic or slightly oval countenance, low and narrow forehesd^ 
highly developer! superciliaiy archee and glabella, low orbita and 
strai^t nose; (2) brachycephak ■ (3) mosaticephak of very varied 
types. 

^ V^rImw. ntfi iJtBonilBcbHS ScbISdflt xii K«pALtii^. An±LV^. fCrAnttcrop^COTf^, l;91tL 

JUitbiupokfi^IHfnikthHa ^b\l Dubkiv^, 150a hj 0. RtCEliai In Um Imnal of 

AbihRqKrfdcji;^ Iffllituli el Otttii Britivta, p. IW). 

Ui^iKfi Kid Topluol. LAcviOw dn tihmss vi da jmx ta DisranUt. 
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Of 42 ni^Utlyc skidk coming itom diffpmrit parts i>t Rwetbn, 3^^ 
are dolidu^eephaib, 16 moaaticephaiiCf and only 3 bnicIi}"cophaHcp 
Tha p€rii>d3 of bronsEc and iron produced no important change in tha 
pitJportbn of thaae dlfferant ethnic dements which atiil constitute 
the bask of the present population. 

Of 51 skulls of the Iron Age, 47 are dolicocephalic,. IS m&^atjc&- 
phiilict and 4 brachycephalic. It fa thus very probable^ bays G. 
Retziiis, that tko dolichocephaUc people of prolifatoric times l»longed 
to a race of great stature, with blond biiirj blue ejea, and long heaih 
which still represents 85 per cant uf the present population. Thus 
Rei^tnt calls Sweden the huma of the blonds. 

The archeologist Bunsen told Prichard in regard lo thfa^ "that he 
had in vdn spurrhecl for the golden heir and a^re eyes of the ancient 
Gormans^ and that he could nevor find the onginafa of the porlraita 
which the ancients had depicted of hfa compatriots until ho vfaitcKl 
ScandinaTia; there he found himself m the midsi of the Germans of 
Tacitus.” * * 

As rt^ardB the brachycephals, ftaya Rotziiis, only surmfacft can be 
axpresaod on their aftinity with the Lapp or Finnish races, or with the 
bmchycephaLs w^hidh are mot irith in the same [>ari<>d in the rest of 
Europe^ * 

At present there are in Sweden about 37 por cent dnlichocephaJh 
and only 13 per cent brachycephafa. 

On our port we ^hall call attention to the stnurigly jutting out f>f 
the aupercUiary Taiilts of thfl gIat>olla among the tioolithic dolicho- 
dcphals of Sweden, which has already been noticdl in other neolithic 
skulls of ancient Germany.- This anthropological characterfatic rep¬ 
resents an atftvfam suggeffting, in our opinbn^ a relationship to the 
dolichocophafa of the period of chipped and polfahed stone implemonhi. 

But aa regards the neolithic brachycephalic akuUs, designated by 
De Quatrefages and Ilamy as T>aponofdeSj which have boon found in 
variniie regioiis of westeiri £umpo^ they have, in our opinion, no 
connection whatever with the Lapp race ■ their origin should be looked 
for whore they are found. 

^f 161 old Norwegian skulle which form part of the 
anatomical coDectiori of the Um\'iereity of Christiank, and which 
hava been examined by Justus Barth, there were 41.8 per rent 
dolichocephalic, 52.3 per cent mesaikephalic, and only fo9 per cent 
brachycephalic. All iha^io skulfa represent the ancient people of 
southeast rforway, and thoir averiige ttgo fa alaiut' 500 years. To 
Lheee are joined a number of other skulls found in tumuli of the 
Vifciag Agej that faj of the latter part of the Iron Age, and the time 

■ Qp.clt^ J.p-SITT. 

*TL*UkaiQ.h CwnftWMdMEQtkjiiL 8t«±tom.lWi, rj»«™iittdKflrtEI'araf™ 

IbewSBiQtlwF, JwrciiEof the AiiOiriifHloiSt*! liBtlmte gf G/m OrttBta umI IrtliOfl, ligj. 
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immediaUl}' preceding it. There w^& also examuied a coUection of 
skulk from gaederen in s^outheast Norway (the method employed in. 
mes^umg was the ao-ealled of Frankfort). 

"‘The Vikijig iypcs which k voiy marked and widely spread, k 
noYertheless/^ says BartlL ^*not r^hlly cooBidered m specify 
belonging to Norway; it is rather nn archtH>-Germanlo to judge 
by iu resemblance to the ancient form known as the tj^pe of the 
Fow-gTftYes rreihengrabor]. Tho Viking typo is found not ooly 
among these oM Norregian skulls, but k met with also among our 
contemporaneSj and especially in the dotichp and nicsaticephalic 
districts. They are also found among the akiUk of Jaederen, whichp 
according to ArbOj belong to tho brach\"cephaJic typo. One is eon- 
atrained to assume ihut besides the Lapps and Finna two other ethnic 
eietnants, the decidedly dolieho-mesaUccphals and the dooidadlv 
brachycophals, entere^l into the formation of the Norregisn nice."’ 

The small proportion of brachyrophak and the prodominnnee 
of mesntkcpbala would ^ in our opmionj pfore that they are the 
product of OTolution of tho dolichorepliak^ for besides tho skulls of 
tho Viking iyp^ there are skulk whk^h da to only from about .“iOO yesis. 
At present^ acrordiog to the inveatigatioiis of jlrbo and other 
anthropologists^ tlie dolichoeephak preponderate^ especlaUy in the 
eastern part of the country, but in the sonthoastern and along the coast 
a large proportion of brachycephals is met wdUn 

Prehistoric skulls of the kurgang (lumuli) of centra! 
Rtissja w*ere deseribedp in 1S92, by Bogdaiiov; they are similar to 
those of tho old German type. He says as follows: 

of ibi? moat eminent antbiepotogisU of OermAn^^ wrote that when acekf the« 
tkolla ho iiotked their pwtoct rwembkace to tbc #hulla immd k the ancient tombf of 
Germany {rdh^Tigrabor). A dl^ingniahod anUimpDiogbl. of Swed™ fotmil thai they 
riMinblod ihe ancioDt ^wodiah ekuUfl. in g:oing aevenil timoi through the muwimu 
of Eumpo [ was itnict by the membLmcSiof the ekoJia Ityund in GernmnyanU belimg:- 
ing to the prehkioric time qf that country to par Kiirganifiaa,* 

Th«s#c skulk have already bcon discussed by us in a oommunka- 
tion to the society in 1891 (De la transformation d*un© race doli- 
chcw^phale on une race brachyo6phalo), and wo shall not repeat it 
berC'+ We shall only extract the foDowing passage for our argument t 
In tho prehutorfe tumvH of the gevemmenl of Mohow them were per centol 
doikhoceplmllc. or rmiher ■ubdolkhoceplmlic ikaJlj. and 22 per cent m«ticflphfl|fcr 
the hmchycepbolic iumuh^d only .1.6 per miiL But dolichocephaJy dinmuahed 
111 tie by Utile, ind bncliyirephmly ended by getting tbe better of it in modem iimm 
Thiaol 126 skullB tpom the old cometeriH of Moicow, thedstoenth Ui 

the eighteecLEh c^mturwa. there wejfi only WM per cent dolkhoccphAlk^ wbOethe 
bmchy cephalic were in the pmpcHion of 53.fl0 per cent. There h&i'o ako been found 
Mmpleiiof hair in ume kiirpw which ippeir to have been dark..bktid for the dolmho- 
cephaJe imd cheetnut-culovfd for the hrochycephnle. 

CrialnBiiiliiQ*mpartaor*«liliN«wi*|*nH^ Chrismaii UOtt, 
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This would provo that the SIsyb of Ttui«ia were quite dolichoce¬ 
phalic and blond in the bejjinning, but become brochycephiiUc and 
brown etccltisivelr under the influence of ei-olution, not owing to 
mixture. 

We believe, then, that we have indicateil the principal regiotia of 
Europe where the neolithic dolichocephals of the German type have 
been found, and it wili he noticed that neither Belgium nor France 
have been conaidcrtHl, hecanae tlie neolithic dolichoccphals of iheae 
ooimtries are not of the German type, properly apeaking, although 
there mav have been some connection between them. 

As regards the ao-callcd MeroviDgian skulb which have been found 
in France, it ia weQ known that tliey come from Lmmigrants in 
historic time. 

There remains Switzerland, where prehistoric dolichooephals of the 
German type' have iiecn met with, but they are skulk of immi- 
granta. Upon what ground is the assumption based that they ore 
skulls of immigrants? Upon the fact that before tliem there were 
already in that country other races of an entirely different lypo, as 
has been shown by human bones found there. The skulls which 
were anterior to those of the German typo are brachyccphalic, so- 
called [japonoTd resembling those of the race of Crenelle, which, in 
their turn, are again the descendants of another dolichocephalic race, 
representing the oldest race of Switzerland. 

ThcLapoootd bnichycephals should be distinguished from another 
prehistoric brachyccphalic race of a liner type thnn that mot wifih in 
Switzerland in the Bronze and Iron Agra, and w'hich proceeded from 
the German dolichocephnlic race, like that which has pnssctl away m 
Germajiy and other countries mentioned in our ileacriptiom 

Thus the succession of the lUfferent prehistoric races in Switzer¬ 
land. from our point of view, is as follows: 

1. The priimtive dolichocephalic race. 

2. Laponold brachycephals (not Lapps), ksued from the preceding. 

3. German dolichocephalic race. 

4. Brachyccphalic race, issued from the preceding. 

At present braehycephaly predominates in Switzerland. 

frequency of BEACHYCEPHALY among women in the tOUESE 

OF EVOLUTION. 

It has already been noted several times that- in certain tombs, 
which contained a more oc less large number of dolicbocephals and 
ontv » fow brftchycephak, that it was the female sex which most 
frequently presented braehycephaly or mesaticephaly. Lissauer and 
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VirchffW^ for German slculb, end f«f BoBemiftti, 

notiet!ci this fact without, howevti^r, afclemptini^ lo explaio iL Thus 
Lissauer, among 30 sHkiiU^ of Kaldititt count etl 13 dolichocephalic, 13 
mesaticcphaJicH and 4 brachyc^'phnJio, and S of the&o lost ones were 
of women. 

Virchow, in a commuiijcalion to the *Vjitliropologic(U Socioty of 
Berlin in ISSI, on »ho graves of SlabussKewo, neinr Mazilno (Posen)^ 
presented thn study of IM skulls, 10 of men and 6 of %vomen, whose 
cephalic index was 72.5 for the former and 77.S for the latlcr. Of 
the 6 womcJi there were 5 meBaticephalic and 1 brachycephalic, but 
not one dolichocephalic, 

jVnioiig the skulls of other srpulchera which Imve been njeasnred by 
different authors there Ls sotnctimes only a single brecliycephalie 
foimfl among o certain number of dolichucei^halic ones, anti it k pre¬ 
cisely the hrachycephalic one thai. belongs to a woman. It might bo 
objected that it is often dlfneult to recognLie the sox chuTacteristira 
of a femalo akull, but in a good many eepulcheis Lho skeiotona are 
intact, w^hirh perrniU of flktiagukhing the sexes. 

If, ihorEifore, it bo assumod that the brachjeophab are immigraDts, 
w*here thero arc dolichocephalsj it must oJao bo assumed that w^omcn 
only had invaded the localities where only female brachveephak are 
found—something unbelievable* 

Furthermorot it ba^ already often been retnarked that the brachy- 
cephab w^ere at first found oveuywhoro in small mimbera and increased 
only in the course of centuries* It must then be supposed that iho 
brachyceplittlic Tnon+ if they bad been the invaders, were scattered 
over a wide area of land^ being, at a certain period, evetywhero in the 
minority—somothing which is no less itiadmisi^iblap 

To say tliat the brachycephalic immigration came from unknown 
parts is ii pure hyTiothesis. It muat then be supposed that the evolu- 
tioFi from the doHohocophalb typo to tho brachyccphdic w'lia 
ciTected in the female mx- In othpr words, the modification of the 
cephalic type ficems to have made its appearance first in woman. 

We could <iuote other proofs in support of our thesis of the muta¬ 
bility of anthropological characteristicsp anrl if it k admitted that a 
brachycephalic race might descend, without mixture, from a dolichu- 
ccphaiic race, which also implies the (mmformiition of a blond race 
into a brown one, the task of hktoriai:^ wmild be facilitated^ and the}'' 
would thua be able to ostabiieh the Telatlofishlp of certain peoples 
that aro dhddcd not only by name and language but also by an thro- 
imtogical characteristics. * 

In tltb way could bo oxidainixl tho connection between the blond 
Colta ani.1 the brown ones by assuming r hat this people woa originally 
blond. In the aamo way it could be explained w'hy the Sla\'s, w'hom 
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hi^torj" dopicts lis h&ving oucjO hoeix blond^ are now brown or approach¬ 
ing that color. 

Hktory also tells ita that there have been successive invasions of 
hionds in Enropojj such its of the Colts^ the CiJubriangp the GertnanSr 
etc. Now, it ituiy be assumed that similar invaaions had also taken 
place hi prclifetoric tinioa, and it is on that account that tha exact 
period of the Rottlemaiit of the Calts in western Eurtspo can not bo 
dctonniriod; hut tho Celts might bo considcrotl as tho prodoce^ors 
and oonquerorB of the CimbrLans, Germans, Gotha^ Normans, etc. 

It remaina to spnak of the origin of the lilond or rod Fins, tho blond 
Ijaps, and of the blonds that arc sfjioradicallj mot with among l>rown 
nations. 

It has already been sboivn that the blond Fintia sprung from brown 
Finns, and it is thus scon that ii blond race might descend from a 
browm one without tho intermpdiar)^ of any mixture, just as a htovna 
race migjit descend from n blond one* 

As regards the blond Lapps, their evolution is the same aa that of the 
blond Finns; that is to say, thm^ d^^anded directI 3 ' from the brown 
Lapps withotit crossing with a foreign race. 

As to the blonds that arc met with ever^^herc in tho midst of 
brown races, in csclusivelj^ brown families, the}" am tho result of a 
aimplo tTMisiont variation, so that they themseiv 4 ?s can not pro- 
cniate hut browns, roaembling the race from which they sjming. 

In condtiBion, wo believo that it is demonstrated that during 
Neolithic timra there exited in a great part, of Europe—^in Hollandp 
Germany, Austtiai Bohemia, DenmarkjSwH-den, Norway, aiKf Kussb— 
one and the same dolichocephalic race, herng the descendant from the 
Qua toman' dolichocephalic race and winch can bo considered as the 
stock from which sprung the bloiuls mentioned in history under tho 
names of C<!lti>Ga!ato--Gauls, Cimhrians, Germans, Goths, Normaua;, 
etc- All these Idond rac4:s wero therefore of European not jVsiatlc 
origin. au<1 they hod occujncd a vast area and not a more or las$ 
limited pari of Europe. Subseqiicnth' I hoi" invaded other |iart^ of 
Europe and even Asia tic regiona* 

Later tho greater [lail of Lht'^se Idond races wm transformed, 
becoming hroi^-n and braehycephalic without the imormediai^' of any 
mixing, and this b the reason w'hy at present oxclushely blond racos, 
aa described by tho ancient authors, are found no morn, so that they 
m^y bo called fossil rscea. 
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On May 2^ 1SO0, the Post of New York announced in an 

article headed " Police Lesson from Indin" the first, successful applL 
cation in this country of the thumb-print teat. A notorious crim¬ 
inal had robbed the i^ife of a prominent novelist in London of £800^ 
hiid made his escape to New York, nnd was captTued after wm- 
mitting a robbery in one of the large holeb in that. city. Tho Ber- 
tillori Bureau of the Police Department took a print of one of his 
thumbs, which waa irmile<l without atij" other particulars to the 
Convict Supervision Office, N™' Scotland Yard, I^ondon^ where ho 
was promptly identified. He was oonvieted and sentenced to seven 
yeais in prison. The systom of finger printa is now suecossfaily 
utilize<i by the pf>Hce departments of all large cities of this country, 
central bureaus of identification having bewn estahllshLMl in the 
capitals of the States, The admissibility of finger-print evidence as 
valid proof of guilt in murder trials was upheld in the caac of a 
colorc^l man executed in Cook tlounty, Ill., on Febmaiy le, 1912. 
He was convicted of murder largely on a showing by the pro^erit- 
tion that the imprint of a finger on the woodwork in the slain man's 
house corresponded with that in the reeorcb of JoUet prison, where 
an imprint of the accused^a fingers had been, taken when he was dia^ 
c-hafg^ from tho penUontmiy a short lime before the murder. 
Likewise, in our relations with illiterato people the sjTstcmi bioi ooiim 
to tho fore. On the approvid of the Secrctair of the Interior Depurt* 
ment, tho Oiimmissioner of Indian Affairs instructed officials fhrowgli- 
out Oklahoma m 1912 that hereafier every Indian who nan not 
write his name will be roquired to sign all checks and ufiieial 
papers, and indorse checks and warrants covering Indian money, 
by making an impression of the bull of hie right thumbs such inipiint 
to be witnessed by an employee of the Indian agenty or by one of 
the leading men of the tribe who can who. If an Indian is not 
living with his tribe, his thumb-mark siguiitu^ must be witue^ed 
by tho postmaster of the place where he reside. Prominent banks 
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of Cliiciigo Hftv© Adopted finger punts in tlic case of foreign-born 
customers who cun not sign their names in Engfiah, and it is reported 
that the lichcmo has worked out to perfect ealisfaclion. Tho caanier 
of one of the large Chicago banks stated in an inten-dew in tho Chicago 
Trihttttf iil May 14, IDll: 

Wo nowT hstl o coroplaint or error from ihw nj-J-toro, Thcro we »b«olulely 
no two ibuialM aJike. and thn ihumb-print mark in an aWate idcatiGcai^. «« 
Iiave hiid <!oniplaUito (our «ii)*oatiiros, but never over thumb prints. Men have 
eluimod Hint they dul not sign withdrawal Hlipt, bat no one has ever donierl ni« ihiunb 

ui&rk. 

It k well kno'ft'n that tho honor of having dovekiped the system 
of finger printa and plucingit on a scientific basis is due to Sir Francis 
Galton, Gstplorer nn«l stuontist, bom at Bin^gham, England, Feb¬ 
ruary 16, 1822, and who died in London in JanuaTj, 1911. 
results of his studies are containMl in two Wks. Finger Pritila 
(iiondon. 1892) and Finger Print Diroctorioa (Ixindon, 1S95). ’ 
The systcjn is based on two observations—the widely varying, indi- 
Tidual character of the finger marks (in Galton's words: *'Tt ^ 
probable that no two finger prints in the whole world are so alike 
Unit an cxpcTl would fail to (iistingubh between 
peraistency of the form of the marks in the same individual from 
childhood to old age. Galton comroenta on tho latter point as 
follows: 

Afl thero i* no bihh, nacepl *n eno rase. oI ehanBo diiriivr any nf th4^s! four intervala 
which topsther nlmept wholly cover the ordinwy life of man (boyhood, early niiin* 
hood, middle age, citremo old aiie). we uv juiiiilled in infnfrinc that between b th 
aud death there a abwltitely no chuijio in, eay, <3» out of vOO of the nnmeroiiii char 
wrlerLittm of the markhigit of tho fineera <A the sama penmn each « cm bo iinpie»«d 
by him wherever it V dBfiinblo to do ao. Neither cm Uww bo any chanpi after 
death up to the tinio when tho akin porishw ihrouKh decompoaition: for oiamplo, 
the on the &]«on of many ^-piioii mummwi and on the pawa of etuOad 

menkoys etUl lemiiin legible. Vmy evidonco and careful inquiry ia thiu fwn 
to justify the popular idea d the pendstulice of finper tnarkings. There appear 10 
he no b^ily eharartcnatiM other than dtsep *eam and tattoo marka comparable in 
tfioir pendirteiico to thCM mmlriiifis; at the wme tiroe they are out of all pmponloti 
more anmereua than any other measuieabln feature#. The dimemdane of the limbs 
ud body alter in the cowrae of growth md decay; tho color, quantity, and qimli^ 
of the hair, ihe tintimd quality of the akin, the number and set of the teeth, the expres- 
■ion of tho f«tun», the geeturew, the haadwritin^, even Iho eye color, chunfio afte^ 
many years. There roems no pewirtence in tho vsible parte of the biidy except ia 
thwo minute and hitherto dteejtarded tidies. 

Tho permanency of Ihc finger marks certainly refers to the feature 
of the design, especially the character of the ridges, but not to their 
measurements, wliich arc subject to the same general changra asao- 
ciatod with the growth of tho htxiy. Galton himself admits his great 
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indebtedness to Sir WtUium ,h Herschel,' wid from him he appears to 
h»Te retieivtnl the first impetus for an investigation of-this subject. 
Galton’s attention was fiist drawn to it in 1SS8 wlien preparing a 
lecture on Personal Identification for the Royal Institution, whirh 
bad for its principal object an account of llie anthropometric tnethod 
of Bertillon. ‘‘Wishing to treat the subjwt generally,” he says, 
“arul having a vague knowledge of the value sometimes assigned to 
finger marks, I matie inquiries, and was aurprisetl to find both how 
much had been done, and how much there remained to do before 
establishing their theoretical value and practical utility.’’^ This 
confession implies that Oalton did not discover the idea himself, but 
derive<I it from, and relied solely on^liis predeoeasorsjehiefly Herachel, 
who, moreover, osn ttot claim Ihot the idea was wholly his own. 

This method of identification hod been suggested to Sir William 
Hersehel by two contracts in Bengali, datetl 1858. * *'It was so dilBcult 
to obtain creilenca to the aignuitires of the natives that he thought 
he would use the signatures of tlie hand itself, cluefly with the mten- 
tion of frightening the man W'ho made it from afterwards denying his 
formal act. llow'evcr, the impression proved so good that Sir Wil¬ 
liam HcrscUel became convinced that the same method tnight be 
further utilized. He finally introduced the u&e of finger prints in 
aeveral departments at Hooghty (in Bengal) in 1877, after 17 years' 
exporienee of tlio value of the evidence tliey afforded. A too brief 
account of bis work was given by him in Nature, volume 23, pjtge 23 
(Xov. 25, 1880). In 1877 he submitted a report hi flemioDicial form 
to the Inspector General of Gaols, asking to be allowed to extend the 
process- but no result followed." “If the use of finger printa over 
becomes of general importance,” remarks Gallon, “Sir William Iler- 
eohcl must l>e regardwl as the flnst w'ho devised a feaaible metjiod 
for regular use and afterwards officially adopted it.”* 

It is difficult to believe tliat Hersebe!, stationed in India, should 
have conjured up, entirely from his own resources, a system which 
had been known and applied in the East ages before his time. Had 
lie designe<.l it in his home study in England, the matter might be 
looked upon in a dilTerent light. But he resided ut Calcutta, whore 
a largo colony of Chinese had been settled for a long time, unil if a 
European, living in the Orient in close official and private relations 
with its people, conceives an idea which seems to bdong to Ids very 
surroundings, it w-ould bo proper to credit his environment with Its 
due sliare In shaping that idea. The man laboring on hk ‘' invention ” 
for years uiay easily forget this first impetus. It mattcis little 

■ rtaivt rrinti. LoodDD, uae,^. i. n«*i;Ni tvra ut isj ua mcicrt m Uu cita sntietaf 
iBdbiwniiHat^tKnk 
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ftbo wLcther or not he liimaidf ia conscious of ontword Lnfloeaces; the 
oodI and unpartiel Imtorian, in the light of observed fticts, can reach 
no other concloi^ion than that Tlerachel must have conceived hk 
idea from obacn^ations of surdlar afTairs made on the spot. A ai mil a r 
judguicntr was early rendered by a writer in the NinUi.niJ^ Ctntury 
Cl894j p, 365) who ehompioued the cause of the Chinese in the priority 
of the fingcr-prhit system. Herschel lumself^ however^ waA of n 
different opinion and mdignantly rejected such a point of view. 

Ill a letter addresae^J to Nature (vol. Sl^ 1894* p. 77) Heradiol 
clainicii for himself that “'he chanced upon finger printsin 185$ and 
foUowod it tip aftenvarda, and that ho placed all his materiais at the 
disposal uf Gallon. While vindieiitlng tlie honor of the invention for 
himself, he at thi' same time deprecated “oa being to the best of Ids 
knowledge wholly unproved the assertion that the use of finger marks 
in this way was originally invented by the Cbhiftie.*^ have met 
no evidence,he coatinuoSp which goes anywhere near aubstantiab- 
ing tills. As a matter of fact, I eshibiteil the system to many pas¬ 
sengers and officers of the P. and 0+ steamship tu the Indian 

Ck^eati dyring her outw^urd voyage in Februarvi lS77p and I have the 
finger prints of her captain, and of all those pec^nS;, with thek 
names. It k likely enough that the idea, which caught on rapidly 
among ilie passengersp may have found a Battlement in some Chinese 
port by this mule, and have llirrc taken a practical furni; but 
whether that he so or notj I must protest against Uie vague claim 
made on bchidf of the Chinee until satisfactory evidence of antiquity 
is produced." 

The noli<jn here expres-^ed by HeKthel that hia thought might have 
spread to some ChiuesE^ port is^ to say the least, somewhat naive, and 
tile fact remains that the use of finger prints is w eU auUictitinated in 
China long before his lifetime. Tlie gauntlet brusquely thrown down 
by him was &oon taken up by iw'o siehohii:^—a Japanese, Mr. Kuma- 
giisu Minakiita,^ and the always combative Prof. G. Schlcgeh' of 
Lt':ideii. Both w'or© actuated by the sincere intention of furnishing 
proof of the antiquity of the juethml of finger prints in China and 
Japan; but botli fadCil in thk attempt for lack of proper undorsianil- 
kig of what the fingej-print system really k. Both confused with the 
latter the hand stamp; that k, a slight Impre^ion taken from the 
palm. These are entirely ilifierent affairs, ami in of the general 
knowledge iiow’ existing in rcgiird to the significance and effects of 
finger ]iriat% it is needless to emphasize the fact that a mere imprea- 
aion of the jialm can never lead to tho identification of an individual, 
which is of first imp<>rtance in finger prints. The entire argument of 
Schlegid is rcstrietefl to two references occtiiring in hb Dutcii-Chinese 
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UictioDary, one peitaining to billa of divorco whicb aro theoticated 
by a print of fJio hand of tho husband^ and the phrase fei sAou. yiHj 
produce a bimd that is, to make an impress with the 

blackened palm**- 

The Chhioao origin of the finger-sprint system has been uphold by 
BOTeral writers on the subject.® The comesponUent of Lho 
Post quoted at the begirtnuig of this paper said; **M a matter of faotj 
it is one cf those cherisheil western iaisfittitions that the Ohinesa hnre 
cahniY clahued for thotr owd^ and those who doubt thb may bo con- 
vuice<l by actual historyj ahowuig it to haTo been employed in the 
police courts of British India for a generation or so back.'^ In IMS 
Prof. Giles/ the wfdl-known sinologue^ wrote: ^*It should alwa\^ bo 
remembered that the wonderful system of identification by fmgor 
prints was borrowc^l straight from China, wliere it baa bean m s’ogue 
for many centuries*” But this "Gtraight from Oiina'^ is tha very 
difficult point in the matter* While the chronolc^rEiI priority of the 
Chinese in the practice of iiijger jirints may be satisfactorily estah- 
Ikheil, thero b no avidence to show that Horsehel received a stimulus 
directly from China, nor that the people of India, froin whom IJerschel 
nifiy well have horrowcul tlio ideSi were over influenced in tliis clirec'' 
lioti by the Chmf>4U!. As a matter of principle it should be staled that 
it is most unlikely that a complex series of ideas as presen tctl by the 
finger-print was several iinifs ovolvetl by different nations 

I h illPillil m>t U »4ppiMBd IhMX utib a Crtpumn Clitoa pftudJi*, Jt IM/ fi ^kmI ewtam af wlildi 
Bii[li3A|fid bUEil m Lti tIoIii.ITv, hii1COgv|MR«. Tb« ClUfum raurlBi^ uul dJiw« 

biwi (<wpa]?r F. ncKiais, ta cMUhk m tmiat 4* tUQ 14^, ShaibEbUp niAkc no n^evuM to 

fneb piMtJiim. J. iNriEkEliA (SodfiJ tiPt of tU0> ChJiltH, LUvJavt, 1^, p. IS) haA thu toJtoiilacs it 
ai% to huMauul. lP ^lni a 1031 dli^oeni43t Uy KH wifA, to it in tha pmusa «f 

oiTioer of iti4 H wEUhaK iu order to xsvnkt It lacaL Ha itoai a oa bU ^'mu oiatwfiiy and bi 

bb own nocif, 11 b often In the pnaoDw ai bi!r pomita uid in ihelr iMHine, Vnrf iaw divorHA 

DDCcu in Chinjk" In a rntmC work. (Dr. L. ^onl Tenvii uid Cabma Jn China. te^U Lu 

CteiWK iff ni l Meg ood aanotalAl bf t*. no-Uan-fU, lulil, m plata oppoglta jh b DJa^tnit*il 

Kdl^tifoe t)fU elnttllpod wilt^ tl)a haml AEtdfOolOf lha hcu^jtysd in UadklniL H [p reniaribhl In tha laifi 
that tllftlmprna cla linen b aonHllnHa moil ai a aali Lhat thA f^per wtriO*! bAlnrolkl vLthnntmeb A 
Mamp^ And that In obk qI contHhUion tM ilncuTifient VUVAtmopaX prorva Iha divAnit. 

1 la Che leeand chapler ulhk “Finear FrtnU;' Wbkth trMU of flua prtThHu aaa ot thetn, 0 «]l 4 Ul Fcfcn 
Abd In maaf ItopnastoiA of !|lih|m on ahe^t Foltnyf As an Rofnen libA Tteoe ttaS marb, ond 
ormn^tiOlF tJ? pofUcMt espeoklly in pcIhiitariD potter^r a^ mh knawn to PWf en^hifbt^ but Uhj 
E mii.li on a Unm In parchakt^M eik! tfoHnIenir neertl entirely tram Lbe ClocGF-iirint a^eea end 

GOQ net bf HIJ TTiHMTe be oonneeleiT vith lit hlaory, m Oeilton tfielinn to aelabUih. Ttii» tm tbicwJa 
ol Lbe 'F'eng dynanj, o EOHrkoftha Empitni Wid^u in tnUoF* lEid IVeonil Sy Oelioni don 

Euf belDns AC aU IA ihb mhitpcBy. Tha ChinEBe wirto lyn. mimiioiatioi (a- g-, A^pHiaf fi'ini la, ll^ 
p, enpMu IhbioaFkoonirThvenu^ liiU« ortiwT'enc MtJ Snnjj^ dFiiailiEA--fLpr«r«lllly 

tha loifk of a tnlnt-4A a pktfcun ul Ike enKqptl of the uHKin. Ilaaiksck tUfiftopoLaiiLkn Ar^beoIncFp IdD- 
doB^ laiS^F- hoi Ul ellufkm lo ■^JhiKQcr-niarked brtoke"' of the Bai;|on peHod. Thb -ncilahJal^Itnoi 
laHch no Inttmacw whAtovof h lo IbemeutEbeee marfcj to htoitlfbceitoti oto tw dnwn^ Jim led HAtrerr A 
mit-ktwrni eip^teibflat Jnlo pf nr lA hm l n ^ ttoodetn of the lawnLkiEi ol lka{ v jirtnU In BehyloKUa, hut al 
Ihb FtatfiDfiatAppeafed esJXIn UfMAUonU bewvpapcr lepofb, I lefeabi ^dl dieeiwinf It. FEu^rEiiArto 
May ntttufBjSy ariM ahy^bM whwo potlcn hAndJa brbki «Jem, Init e^peiF earpclt Ifi flaKir print! wIB a^np* 
vtni tm tllAt thB» ATB K iupofllebl ae tomadnr Iheni iMaa to idfentiOcHttoi. A ebur keuJ uaefuj 
jtaimMkiU tn obyptreUfipoaQi a willful nmt enei^eUe whlHi tlv potter touehs tae etay hut 

Ifowaror thb may be^ we Afo net W dUnfi to Admit oa erMennzh to a flneer^prinL ij-ftem any nnpir mirka 
of Whatenr Idmi oeoufTins bapotttry of Any part ef tbw WWW, tttdett litfct pmr oad be fumbbed liiat 
Moh. nuika Nivo HCtaall/ mm4 to the purpoM af kkntiflcAtknL 

* Advwtur^ Siiihm, No. p, 161. 
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mdcpeDdcntly. If there is otie thing tlmt we know fturely^ It is the fact 
of the scftTcity of origincd idotis amon^ mankind^ which miiy stimd in 
retatioo to .repmducod idoti^ as 1:106» Tho fftot rcmaias that| how- 
aimplo imd scJJ-ovident tho system may now look to us* the most 
ailronced ciyilbed nations hiiv© never hit upon it, tlmt no trace of it 
ciui be ilisco\*ered aniong Egyptians or Biihidoniamj, Greeks or Ro- 
manSf and tiist its so very rerent adoption into our culturOp after pro¬ 
longed contact with esst-^\sktic nations, is in itself suspicious of a 
derivation from a foreign sourt'o. The hj^iothesiB^ ihoreforOp seems 
to bo juatiiled that Chinese into Liilia may have rfirrieil 

the idea oYor, or that the long religious und eommereiiil mtarcourse 
between tho two countries may be responsiihle for the trunsmissloti^ 
It h out of the question to aaaume the revei^e course of cvenUp for 
tliQ applicatioit of finger prints in China b of groat antiquity, lA'en 
greater tltim ever suspected heretoforOp while nothing of the kind cam 
bo proved for its antiquity in India. 

At all events it seems certain that finger impressions wore known 
in India prior to the time of Horschel- George A. GricRiou/ one of the 
best oonnoisseurs of modem Hiiidu Ufe, m d^ribmg the cerememefl at 
tlio birth of A child, mentioxis tiie fact that tlie mid wife, using red lead, 
maktis a finger print on the wallp with the intention of hastening 
delivery. It b hard iq imagine timt tins magical concoption of tlie 
finger prititp which is an ingredient of indigenous folkloroj should bo 
orbited to tho discovery of Hersohel. Tliere are, further^ good 
reasons to presume that the marks on tho finger bulbs were familiar 
to the Indian eyatcra of pshulstTy. I recently liad occasion to study 
an anckut Sanskrit treatise on painting, the Citrakk$hann,^ wiiich 
w preserved in a 'Kbc-ttui translation embodied in the Tanjur. Ono 
chapter of tiib work h taken up with a detailed description of tlio 
phjaical qualities of tho Cakravartin, Uio wheel-tuming king, tiio 
hero and racial ideal who fomLod the principal object of ancient 
painting. The majority of tho marks of beauty attributed to him 
arc clmved from the mleg of phyaioguomy, a system readiiiig back 
to mnoto times; some of these marks, by w'uy of comparbitjn of the 
Sanskrit with tho old Perniwi tennsp are trocoablo to the Aryisn 
peiio<i when ti^e Iranians and Indians still formed a united stock; of 
ptHiples. Tho interpretation of promh^iuit physical qualities, as laid 
downi fay tho physiognonusta, led to artktic attempts of portrayal, 
and for tills rvAson I w^os hiducod to study, in connoctiou with tlio 
Cltrolakshana, two Indian treatises on phj’^iogiiomy contained like- 
w'jse in the Tibi'^tikii Tanjur, with tlie result tlmt tiio tcntunology of 
physiogiioniy and art theory are identical p and tliat ibe rules of tho 
painter closely follow' in tho trail of the physiognomist and palnibt. 


» bOi^ rwmat UTe^ CkkilUjH p, Xiii. 
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It ivould lead too far away from our aubjisct proper to enter into the 
manifolil details of tkb quaint artp but the principal points relatii^ 
to the fingers may l>i> mfeisteti upon. It Is said in the Samudriivyall’- 
junatii, one of the works on physio^omy^ that a womani if the marks 
on hor fingers are tunie<l toward the right-hand aide will obtain & mn^ 
bu t if tumetl toward the left, a <]aughter will be bom.* * The Indian 
jndnter paid minute atteniion to the haiidp the fingers, and their 
lines. In the abovo-uieniiuiied majiual of paiiHmgp tboir measune- 
menta^ hiclusive of those of the boll of the tbiimbp are oouscieiitiously 
girGii.* A ]jeculiar term of Indian cheiromancy is ya-tYE {Ztf. & barley- 
com)* explained by ilonnior WilUaras in hh Sanskrit Dictionary as 
figure or mark on the hmd i-escmblhig a barleycorup a natural 
lino acroas tlje thumb At the second joint compared to a grain of 
barlej" and supposed to indicate good fortune.^* In all probability! 
this term refers ako to the marks on the finger tips, and there is 
further the Sanskrit word an^lmudra QiL finger seal) used in the 
sense of linger print and exactly corresponding to the ChinoiSo term 
rAi yin Oikewdsc finger seal) of the same significance.* 

An interesting ease* though not directly bearing on our aubjecti 
may here bo mentioned: 

Hfian Tsangp the famous Chinese traveler to India;^ in the seventh 
ceniun'! rolales a story in regard to the kuig of Tekaha^ila in India 
who availed himself of his tooth unpressioa stamped in rod wax on 
official doGumenta. Li giving idstnictiona to his son! the king said: 
**The affairs of a country' are of serious importance; the feelings of 
men are contr'adictDr»^; undertako notkdng rashly^ so as to emlanger 
your authority ; verLf_v the orders sent 3^eu; tny seal is the impression 
of my teeth- here in tay mouth is my seal There can be no mis¬ 
take." * Only one analogy to this curious cusion:i k known to me. 
In a charter of King Athebtari of Northumberland it b said: 

And fora LHizlen truth 
I bit** tkb wax with lajf gaag^toolU.* 


1 1 DokiuamUi fil£r, p. I-H^. 

*I15W.. pp-163, 

i At tlMi pn^cQt Uou 1 dl3Ia h pnilMblj ih* nruiatiT wt« Uu moil ulaiiJi't tm 4( Um 
lystcm 1 j Ua4i«. U Nu Ih^ luliiplrd k|iw IjVfF br ilia PlReisr OetMlil yf tlw Fait 0ilka 4 I Ob 

Um iora* Ot IiHliiui IbIouU Mooty Ordn. lor^xui^, U kfflnuib IfutUti i\a bUeJ cfiiarw cf Uuttab 
Impmitin If ytijpit h lULicrala-’^' In m^Ei^r mJiHf gf fDrMvmiaBBt R liu piFO’Vwi m effljekiit 

aicihi?d ni prtr^Miliai; il^ pctMaitloa. No •abjertlaa dui Eh niMd on ifvnal nl »Uf±ui or 

Quti>, H ihorQ k an ^Lidl» to he, oimiaam I& EOft prUiL The G^vifaio^l ttu bnaaai 

f tiUy bhMd oJ ths of Uw ixw MjeUtm, {lOii 4f tb4 «ftdJil;? nf Um iwul'^ R Out 

thA ImltaA LcghLUiin bu piml m ipa-liii mri tt mmrltrtf tb* taw gf vTPdDboD to tim txtfnt of ilndortaf 
ndOTVil Cui l£flUmOAj nf ibum wk? hy fOnlf bg»l3H rnSDleBL Ea fluew-print it^sA^tnuaT. la all 
fitirtrnlJatt oOlM. p«lmi wbo, B44Bailni prwnt docnnuflli fiaf ftfEnfiUoa. on ETqcikwl lo 

nucbgntint* ibfilr IdiaitiE}' "by 001^101 Uw tmpnesikiB at Ou^Jr k-Tt ihiuab tma On tl» tlocnmnLl itQct Ed m 
rviktnrkfiit Af VSk pufyoaa. tCompon E. ft. Ecue)-. naADDmEJotL lud Usea of Flopr t^milivkp 

Hffli.pp.fi-V.) 

' a BaJj IJiniaiUat g# Uv WaOcni Worid, VgL 1, p, Si, julha. If teKilfta iur ki cfutrfii 

gnrJdfnlilw, VoL I, p. IM. 
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While it is likely that- the people of ancient India were familiar with 
the atries on the finger tips, there iBj hewevefr^ no evidence whatever that 
finger nupressioiia wero employed to establiih the identity of a person. 
No mention of finger prints is made in the ancient IndLan law books^ 
The signature of an individTial was a recognized institution of taw 
and a rociubrement in aU contracts, Tlie debtor “waa obliged to s^igu 
his itamo at tho dose of tiio bond^ and to odd: the son of such and 

such a oEj&i agree to the above.” Then catue the witnesses signing 
their name and that of tbcir fatheCp with the ramork: “Ij so and so^ 
am witness thereof/* * Tha scribe finally addedi **Tlie above has 
been written by ine> so and 30^ the son of so and so, at the request of 
both parties/^ An illiterate debtor or witness was allow^od to have a 
substitute write for him. A note of hand wnUen by the debtor 
himself w^aa also valid without the signatures of witnesaes^ provided 
there wiis no compukiOHj fraud* bribery^ or enmity coimocted with 
the operation. 'HiC devemoss of forgers b pointed ontp and tlio 
neces 3 itv of comparison of handwritings and conscientious e xtiTuin a^ 
tioii of di>cuments are inflisted on/ 

Bi^ide^ the documents pertaining to private taw, there were 
public or royal deeds, among which those relating to foundations^ 
grants of land to subjects as miirka of royd favor, took a prominent 
jilaco. Tliey were written on copper plates or cotton cloth, and the 
royal said (mudm) was attached to lhm\, a necoflaaiy act to legally 
the document, "nic forgery of n deed tvos looked upon as n capital 
crime, ill the saino way os in China. Tho seals represented an animal 
bko a boar or the mythical bird Garud^i* It ia thua shown by tho 
legij practice in ancient India that there was no occasion in it for 
the use of finger prints, and it appears that the significance of the 
latter waa recognized only in palmistry and ma^c** 

In recent times the finger-print system bos been emplayed in 
China only in two cases, at the reception of foundlings in the found¬ 
ling aaylums and in the signing of contraota on tho part of iiliterato 
people. In regard to the former mode w^e owe valuable information 
to F* lUrth/ who has made a study of tho reguiadons of Chinese 
benevolent institutions/ The found ling asylums established in jiH 
laige cities receive orphan children, forsaken babies, or any othore 
sent to them. These are placed by their relatives in a sfidlng drawer 
in tho wall ne^u- tho front gate and a bamboo drum is struck to notify 
tho gatekeojMy*, who opens the diaw'or from the Inside of the wall and 

^ ConaMlv j, JoU Jr aoebt UDdi SaCf, llj;anu]drJaiJ43r bido^tiucaeii PtiilaEdf^ SEnatbuTi;, 1910% 

1 1Hi^fblj, idjd Ui« MdIa/bji Hiba. u ilunm Sj lhc\i ttt kCi|UA|B|H wiUi 

ijsftr mnrJn. W* W. Simli hisi^ ISM, p. AWJ uoiei liatt a Wiwri (rf IlHAi m 

Ow tl iHDJliliAHl ti Uul iltn 4t t miim»L 

* T'eMfl +1 P' 

* An lnJbKritlDf MOOunLolthH liflvra A£KbjrW.L«Uui1,Tli^Mt4k^Hl39lQaj|ry|BC!hi£i4^ Lw Jkm, 

U»1, pp. aS-», MflUj bj Ya-Yoft Tju. Tl* flplra af OiIOck I*CC^lilmblA Uoliwarp 

wbolsbifi hJh baUift etfiprnurkj (p^. 
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t]io little one to the care of the matron. Every mfajit is 
subjected to a method by which its identic h permfliicntly placed 
on retrord. Sex and sige are entered on a register. If tlio age can 
not be made out—it may be inferred^ for example, from tlM> style 
of (dothiDg varj'ing from year to year—the time of the reception into 
the asylum according to year, uiontlip day, and hour b noletJ. Then 
foIlow5s H daaeriptjoa of bodily quoUtieSp inrliidir^ remarks on the 
extrpniitieii, formatieii of the skiiUp crown of the head^ birthmarksp 
and design on the finger tips* * for later identification. Emphasis is 
laid on the latter, for each Chinese mother is familiar with tho finger 
mariis of her new born, and as thoro is a high df^reo of probability 
that a baby temporaril}^ placed in the care of the asylum owing to 
distressed circuniatances of the family will be claimed at a later 
time, thb identtficatiun sysimi is carefu% kept up. The Chinese 
Boem to b» acquainted with the e^entinl chajactenstics <jf huger 
markn* What iu {he teclmical language of our Byalem is called 
* * orcjice^ liud ^'whorls*^ is siyled by thorn lo “sndl," and our 
*‘loops” are designated H ^‘sieve,” “winnowingdiaskei*” ^ The 
former are popularly looked upon as forelxiditig of luck. 

Delphi cd sole ore sometimes digued with a finger print by tlie 
negotiating party. We reproduce (pL 1) such a document after Th. T- 
Meadows^ in preference lo any other of recent date beeauBo this 
deeilt executed and dated in furnishes actual evichme^o of tho 

use of an individual finger impression in China before the s}"stem was 
developed in Eun>pe. The transaction in question Ls tlie db|>oBal 
of a plot of cultivtttod land for wduch a sum of 64 taels and 5 mace was 
paid. The risceipt of the full value of this amount is acknowledged 
by tho head of the family selliiig ihe Und; in this ciam the niotlier u^e 
Ch*6n whose finger print is beaded by the words “Impression of the 
finger of tho molher n£o Ch\^.n.” It is evident tl^at Mrs. Ch'Sn waa 
unable u> write and oJIixed her finger print in lieu of her name. Sir 
Francis Gallon* irommcnts on this fingra* print in the words^ “The 
impressiunp os it appears in tho w^oodeut, is roundish in uutUnOr and 
w'us therefore made by I ho tip atul not the bulb of the fiiiger* Its 
surface is somewhat mottled, but there is no trace of tmy ridges*” 

IA bri«l bdouHuliiUlH pqrtiUMliig RojjB' mAf tlm ttdinban In p^urnUpm 

nki G Der ChfftM-Ej^xtUi UlcEiacuiy (ad 4 dltlot 3 )p wdn (No. 7fil ^ 7a Oopm 

«f tk Oiv^, hondp or km, dliPpol lo Jak ood ti|i|^dAl uAiliciiubm tanaj kind of dnd W dCw in^ butzu- 
mskL’^ CM (No. Lt^ It. OapTMl), ^nl cn dsiU^ muAt lif dlp$ifiDf Ui» Oaes' v hruiij Iq 
tok BBxl prtmn^ it on (S'o. P7M1, ^ l4 tikn eFwV d4|^kin, imaJly hj iiipjftnjs Itw 

Lhomb lo ktk ■04 ankiae ela iKpt^feilDli of a aa CSa I Im II fem- (Ka. iiijPi Y ^ t 4 ibe Il nu Hi 

AQ ■duul'i Oofm. locoRnKUdo with Oja lfii}aF«4ildn QaniiHd,filc/^ ?uriJWp^m9(KA^i)0e6>, ■^fiofcr- 
AbiJ ktid ja (Ik^ Eo L 4,,. Id l;i]k sod fuvfls dovnli iffs-Eqh^ajliAi- la tlHJBOfiQ -id wiraifEia|jm«^ 

ell iNo. l?91)p Id moko a prini, u o - c-ju ^in (IA«d)»" to IdMiafy/' 

* Jjoil Tumn la Cbiu (TmuaeMon* ^ CAtm, ErmiA ^ Oe diktScr StKki§, UoiL|kQEi«, 
1^ p. 133. 

^ Fiaesr PrlaU, LdDdaa, IWO, p. ^ 
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In till contrttcts of civil lliw Chinch costom dcioatitlii tho tiuto- 
gr&phic signatures of the coatracting partii^, the iniddlcmen, and 
the mtnesscs,' Abso the writer of tho bond is obliged to sign his 
name at tho eml with the title j>» C‘ 'vriting for another”). If the 
seller write the contract out in person, he should sign again at the 
end, with the addition tec pi ('^aelf-vmtion”). As the number of 
thow able to write is yery largo, and as oven those who have an imper* 
feci or no knowledge of writing are at least ablo to WTite thtur nonKHi, 
it will be set'n that there is littls occasion for tho einploymoilt td 
finger prints in such contracts. Prof. Giles * states that title di'cds 
and other legal instruments are still often found to bear, in addition 
to signatures, the finger prints of the paiiics conceined; siometimes, 
indeed, tho imprint of tho whole hand. This would indicate a sur¬ 
vival of tho originally magicid and ritualistic character of the custom. 

From tho fact that tho signature has littlo or hardly any legol 
importance, it follows that the foigoty of a signaturo docs not fall 
under the provisions of the Penal Codo, The Code of tht' hlonchu 
dynasty provided only for the forpng of imperial edicts and ofilcial 
seals with mtent to defraud, and punished these as capital crimes.* 

In plates 2 and iS a Tibetan document written in the nmning hand 
is reproduced. It is a promissory note signed by tho debtor with the 
impressions from the balls of both his thumbs. Tho Tibotans have 
apparently derived tho proctico from tho neighboring Chinese; there 
is little probability, at least, that, to apeak mth Hemchel, " a pas¬ 
senger of the Ifoaj^io” may have carried tho suggestion to Tibet. 
Tho language of the Tibetans provoa that this procedure is an old 
affair with them, for a seal or stamp is called which is derived 

from, or identical witli, tho word i'f-ie. “thumb.” Sarat Chandra 
Dos in his TibctiiU'English Dictionary justly says that tho wrord 
tVnte originally means tho thumb or thumb impression. We may 
hence infer that the thumb print was the first mode of signatuiu of 
the Tibetans, in vogue prior to tho introduction of metal (brass, 
iron, or load) si-ols w'hich were named for the thumb print, as they 
were identical with tho latter in tho principle of utilization. In the 
related language of the Lopcha, which has proservod a more ancient 
condition, we find the same expression I'c-teu, “seal,” and even (V 
c'vjnp, “small seal,** moaning at the same Lime ** little linger/** 

> Mtirapae* najr b* wm la P. Wnotitf, mu I 4 ea CUm 

f H±t: UL tk ddUamcolA Ellitelldfaal, W ( ll>. 

i Ad-TMlM einita, fih&aihAJp 16*, p. UM, 

■ d, TIl fliJtttiirtw Ta Tdiif Ljm L«§l twtm PmutUflimtid * * ■ qI Hh X'eiSAl Ciidi ul 

nutlA, LandijQ, U4A. £. AlAbwE*-^ Sum luad Ch InM* Crtmlpol 

Luoflim, 15», PEk *», twi I1L,-Cluii|wkla ^TUisjtt lnpuAt^ 3d LSWi, pt 4*S> utmleK ema 
iHUpWx^dfiilV ihm hlili WttvA In b hdd Im Japan, LbM Llw JiCAUfia^ i3at 

dw wot bnponot^l pin »In tli9 WaM, T1^ f«Bl vdunt tarn lacil TOfWi tM topfwlau ht\ui. modr, lut 
will] Mwihajf wu, Ml wilb mullidai liaJL^ 
t ILdawOlios umI Dkihaary i3l iiu Lepeba Loioiniap], llCfUo^ 1906, p. 
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Not miinx literary datu are availahlc with which to trace the history 
of the fingOT-pritit system m aiina. ledeofl, it is atrikine that wo do 
not find itt any author a clear deftcriptinn of it luid its application. 
The phy^cians, in their exposition of tjio anatomy of the human 
body, do not allude to it. tmd it is certmn that it wns not anatomJcal 
nr modicjil shidies which called it into existena). It formed port of 
the domain of folklore, but not of scholarly emdition. In a society 
where learning wna so highly esteemed and writing was alroost wor¬ 
shiped HR n fetich lliere wjut little chanco for the development of a 
process from wliich only the illitjcnite class could derive a bonefil. 
An ingenious system of tfJlioa and a highly oigunized syslcm of 
official and private seals regulated by Govemment statu lea took the 
function of verification. The peraonal signature never had aoy great 
importance in puhhc or private tran.mctinns, and the atylo of hand¬ 
writing OB intUtddually (lifTorentiatcd In (liina as among us would 
always allow' of a perfectly safe identification. Wo hove most, suc- 
cesHfuUy iipjtheJ the finger-print syRtem in two phascH of our social 
life-”in banking IrEmsactioDs and in the dctoeLiou of criminidfl. 
These two institutions move on entirely differont lines of oiganization 
in Chinn, and for this roaeon finger prinls never were n real ncCfifisity 
there. The aiinese hanking system dow not require anj'^ aignnt ure, 
and coidd nccordingly introduce no sultstitiite for it. A hank in 
China issues to its depositor s pass book of miniature sisse consisting 
of a long continuous sheet of jiaper folded in pages and held togelhcr 
by two stiff blue covers. Tiro entire book may, therefore, ha unfolded 
at once and exJiibit the credits and debits at a glanc.e. Every deposit 
is entered, with tho date, by a dark of the cstabliahment, and shoidd 
the depositor wish tf) draw u sum, he carries or aenda liie book to the 
honk, which, cm payment of the amount, chaiges it against him hy 
entry in the same book. There is no chiick system. If the customer 
wouid make payment to a third person, the procedure is the same. 
The draft system, which is highly developed in Chinn, worlus w‘eil 
without a stroke of the bnish being involved on the part of the person 
to whose credit the draft is issued. Mr. N. orders a draft from a 
Peking bank, payable in ins name, at a hank in Si-ngan fu. The 
Pdting house writes the document out on a rectangular paper bill 
containing the same matter on the right and left sides, one coliimn 
of writing miming e.xaclly rlown the center. The document U ilicn 
evenly divided into halves, the vertlco] column of clioractcrs being 
cut tliroiigh in the middle. Mr. N. will receive the right half, while 
the left half wUl be forwarded in the mail by the Poldng bunk to 
Si-ngan fu. On arrival there Mr. N. will present his part of the 
document, ivhich wiU be carefully checked off with the other lialf, 
and if both are found out on eloao e?tnmmation to ttdly, the draft 
win he honored, no receipt and signature on the part of Mr. N, being 
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required* 1'he faet rliat both hfJv^s of the drafi are in the hand^ of 
the Si-ngan fo banker is legd proof for the transaction huvirtg beeti 
dosed. It is ensy to see that this eystem is the natural o&hoot of 
the ancient tallies in wood and metal. In regard to criminal per- 
seentinn we must rOfneiuher that crime had nrrer nssiimed vast pn> 
portions in China, that detection and capture were coniparativply 
easy, and that anytliing like a criminal science was not required for 
a patriarched organization of government.^ Those are the reasons 
why the Cliinese, thoiig!^ well acquainted with the character and 
significance of finger prints, did not devolop them into a system; 
why they did not enter much into tho speculations of their scholars, 
and why tlie records concerning them arc brief and spar^> 

The poet Su Shi (1030-1101) avails lumself metaphorically of the 
esqjresrion “the whorls (snuilsi on the fingem'" in the verse: 

■'^Nganj King nf Tsi, found on the bank of a river a fine atone 
veined like finger niarka.*' ^ 

During the Sung period [%(hl27fl A, D.) finger prints were taken 
in ivav. This fact is reporteil by Wnng Fu, the author of the 
Po tu fn tuj the well-known catalogue of ancient bronzes first pub- 
li.slle^^ in 1107 A, D. In chapter 0, p. 30, of this work, a hron5» 
winc-cup of the Chou period k illustrated, on one side of w^hioh four 
liu-gc finger-shaped grcNjves appear^ closely joined and looking like 
the fingem of a hand* The author explains the presmyce of these 
finger marks b}" saying that the ancients feared to cirop such n vessel 
from their lumds and therefore held it with a firm grip of their fin- 
gcTfi in these grooves, order to indicate that they were careful to 
obsme the rules of propriety/' the present time/' Wang Fii 

ccaicludest '^linger marks are reproduce<l by moans of wiv^i anci nro 
simply effedted by pressing the lingers into 

Kill Kimg-yen, an author of tlwn T ang periiKl, w^ho wrote about the 
year fisn A. D,, makes a distinct alluston io finger impressions 
employed in his time for purposcfl of idrntiticfttion. lie comments 
on the wooden tallies used in ancient times (before the invention of 
rag paper)—that is, a pair of w^poden tahleie cm ivhirh the contract 
was inscribed. Each cd the contraiiuing pnrlLcs rec^eived siicli a 
tiihici, and notches ivere cut in the side of each tablet in identical 
pi aces so that the tW'n documents could be matched and easily verified, 

* In Jiifmjj It b Ktld iV Emprint ^ Hi* W ( 60^11 oc wb» fcnn*rly MdtMlrHjr 

fnr&l WimkifUft Cll^ Dw BUrnpriwoPti ZOrfclXi 1001, p. lH: «nnp. VoE. ai, 

p 1l7). Rnt from ibe wry Iba lutUr In rriwmnEtrd hj Uih iuUur k 4i>H rmt rlwlr foUerr tlut tlM 
itirifi at iflintiflflfltfcn wm Itw purpua at llib melbiH), A whba JaOr of 

hh d&thing uutl moiuy. and bb iTiinub ImpiHknii wm w nf hla Cli'a 

nurkHC M vm tajuwfd Ur wa aalf with hli Ibnmh, « 1 h Ihv of ti:b A 

tvm A ApltHl iettt»»f h&i icrtTAAdy td bfr Bigpvi hy iSo wkk ibniQb pditL 

TIhw* tiM faiAlJstc IhU ihv Uicmib |w 1 ni wm lonkfirl npm ta Jajwi tH an fofa'lar wan gf ilputun: tiM 
slmtBfkL lua hb iHTHEialh j ond Tiam^ nod wan Lbw^iTte not allawod I 0 M It M hh f%intitni, Ub 

pilojt, whlUi took the ploco of U, wi» naf lot^adHl to aLahUah hJi 
i P^ri riw r 4 A/Wp B,pL fia 
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In explaining this imcicnt practice to his countrymeii, Eia Kung- 
yen remarks: "The significance of thrae notchefi is the aame as that 
of the finger prints (ftum cAi) of the present time." This comparison 
suflicientlT shows that finger prints were utUneed in the age <»f the 
T ang dy^nasty f6lS-&06), and not only this, but also that it was 
tlieir purpose to establish the identity of a person. In tho soma 
manner, the author mearis to say, as the notches of the talliefi served 
fttr the verification of a contract concluded between tivo persons, so 
the finger prints on two written contracts of the same tenor had the 
function of proving the identity of the contractora.’ 

The existence of the finger print system in tlie T’ang period (BlS- 
90fi) is confirmKl by the contemporaneous account of the Arabic 
merchant Soleiman ivho made several voyages to India and China, 
and left an interesting series of notes on both countries written in 
S5l A. D. It hag been Iranslatcii byM. Reinaud (Relation dos voy¬ 
ages fails par les Arabes et Ics Pcimns dons ITndo ct h la Chine, 
Paris, 1845) where it is said (Vol. T, p. 42): ‘"The rhincflB respect 
justice in their Iransaclions and in judicial proccedinj^. When 
anybody lends a stiiu of money to another, he writes a bill to this 
effect. The debtor, on his part, drafts a bill and marks it with two 
of his fingers united, the middle finger und the index. The two bills 
arc joined together and folded, some charecte-rs being written on the 
spot separating them; then, they are unfolded and the lender re¬ 
ceives the bill i>y ivhich the borrower acknowledges his debt." This 
bill wag legally recogniacd and served to the creditor in tho court as 
an tnsirumetit proving the validity of the debt. It will be recog¬ 
nized that the process deacribKl by our Arabic Infurmant In the 
ninth century is identicol with the inodcra system of bank drafts, as 
outlined above, except that the finger prints of the debtor were 
affixed to tho document in the T’ang period. 

In regard to the prevalence of the finger-print system in China 
during the T'ong period, K. Minakawa has furnished a valuable 
piece of information. CharyS Katsurakawa, the Japanese antiquary 
(1754-1808), ^vritca on the subject as follows: 

Accortlinjr to die “ EKmiijBik Lav " (Kwei^, Ijo divemo ihe vife the htmhandl mtwt 
give h'T a documml nUliui; viikh oi the bwtw rwnoM far divotco was ajcdgned lor 
(he actwa. * * • AU leitcn must bs in tho huaband'a lutnilvnting, hut ut eaaa 
he does not undeiatsnd ho* to vrito he should sigti with ■ finger print. .An ancient 
cotumeniary on this is: "In caseahu^uid ntn not vrite, leiHitn hireanodier 

man to write tlio dwuwent • • * and after Lhehiubond's name sign with his own 
index finger.’' Perhaps Uus is tho first mentian in Japanew Litentore of the l'inigct>. 
print toctliod. 

i Cwnpnrf 1L LeiUriw rhl09ti uvukl nciwtleD do i«p1irp p, * 1 , Jranwl 

Pvfap 
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This Domestic Law'lfomis a part of the ^Tj&wh of TaihS/^ enacted 
m 702 A. D. With some exception^i, iho main points of these law? 
i?Fere borrow'od froin the C^hinoao ^^Lawa of Yung-hui” KSO-Goo 
A. D.); ao U &p[>ears, in the Judgment of Minahata, that the Chinese 
of thesorenth century had already acquired the finger-print meLho<L 

It Ls very likely that the Chinese code of the T'ang dynasty and 
the abundant tTlduese l&w literature will yield more information 
on this question. 

Some wTiteiw have supposed on merely speculative ^wunds a 
connection betw^een finger prints and palmistry. Gallon^ remarks 
on this point: 

The l^uiTiip^rim fnetidonofa ^ palmiatry ittid eheimmaiicy do oot §eem to 
hwfb pfcid panieuiir mtr«nticm to the ridgea wliieb wit arc ceaccniwl. A 
t;rtrtTjtfpondiiit of tbo Aim^rican iwrtuLb Stinkw, volyiuu S, pagu howov&r^ 

UuLt the CTiulw elm thu ptrio? at Lbi ead-n ot Lho fingeTs into whsn nrmnged 

in a coil and into ^'hooki/' They are oIk reg!afd'>d by tlie clipjronnantwtii in Japan. 

K* * ItinakaLa 0- p. 200) makes tlio foUowfing statement: 

That Lbi CTiinese hav^ paid uiinutct att^ntiian. to the finj^r riiiro^fl wotl attested 
by thi^ cloMifled iUaftnLtioEia given of thetq in the heiijtehnifI T^u^-Unl—the ** Great 
Misa^lUny^* uf magw? and divinAdoE]—idib iho end, of forateliiiig tho precitalhusd 
jUDbd hence unfhajujnngr foTtencsj: und jua the lui of ohifonLaiic}' sJludod to in n poUtural 
pfl^iy nrritttfii in lie third century B. G. we have if£TL«n (e mjp* 

pew that thia Chmw hi mch early tinieii had alrvody c^neelvpdp if not percoivindi 
thr^ nneliflLEigiiig’^ furrowB nn the hngvr tips. 

But clos?? resrarch of this subject docs not hear out this alleged 
fact. The fact hi that in the Chinese Rysiem of pnlmlsfry the linos 
on the bulbs of the fingers are not at all con^idcredr and ihnt CTiIncso 
palmistry is not banned on any anatomical cDnsiderniions of the hand 
but is merely a projection of a^jtrological notions. We have an 
excellent investigation of this tedious anti w'carLsorae ffubject by 
G. Ehimoutiert^ further by Stow^art Culm^^ by IL J)qi6* find finally 
by H. A, Giles.* Not one of these four authors makes any mention 
of the strice on the finger lip«, and I am my^U u no bio to find any- 
thing to this ciTect in tlLincse books on I he subject. It is quite 
evident to me that Chinese finger prints do not trace their origin 
from the field of palmistry but are associated^ aa will be fiLown 
farther on, w'ilh another range of religious idcis. f do not doubt 
the antiquit}^ of palmistry in Chinflp though thi* anlc B. C. soon, 
given in the lut edition of the Km^'cloptedia Britannka on the 
authority of Giles, swinis to be an CTcnggeration, but the concUieton of 
Minakaia that for tlibi reawn the dnger printo are equallv old is unjus^ 

1Jla|Ba:mo[ip|h3C^ 

* £lUEla il'vaiTUfnptLlff rtLlff«EiH inauiifEa In A rUw im dTrtrAfaifcfiiLf, |■ara, 

lT^.lllCrt»eq. Tl» Ajin«iii]l#trrt™tliiq:a*stiOTmdtd bdttfiTdieira 

* PiJistatiT tti Cb^ oad JiIMUi (Onfrbmrf JfaoUiv, INH, pp. 4 T 5 -^J. 

11lteb<TGlHaiiirlltnpimUU»E^ tti Chiw^ Va|. U, isi=^ pp. xn «t ■«]. 

i Flifwliicr, and FalmlitrT (AdWiwii. ainkm^ ?lw3Stml, IBQH, ppL 17^ IM^ 
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tified. W<? must remember, tho^ tbat do syglem ot palmiatry has 
been handod down to ns hom ancient times; we merely know' the 
fact that the practice Itadf exited at an early date. The philo^pher 
Wang Ch'nng, who wrote in 82 or 83 A* * D., states in regard Uj palm- 
ktera that they examine the left palnit but neglect the right one, 
because the lines of the former are decisive^ whereas divinera turn to 
the right aido and neglect the loft one, because the former are 
concltiaiyey 

The view of the indopendeiice of finger prints from palmistry h by 
no meaiLi contradicted by the following statement of A. IL Smith:" 

The Chine», liie the gypdM and many ulhtr p&opl^p tell roftimcj hf the lines 
uptin th* ln*ido ol the hugeiv- The divulRr iUiss ufHra ihn tl ps are called 

* peefc^ while thwo which we cun-i^p withmil funning a dxclo niw ityled ti, being 
enpposkl lu Ttncmblo el duvlptm- Hence the fcUowing saying: ‘*Oao peck, poor; 
two pockfl, ricli; throo poct^p four pocksp open n pawiwliop; five pocka, be a gn- 
bei-ween; fIi pecks, bo a thief; peven pcckifp meet cslaim6es: e^^ht pcclu, eat chaff; 
nine pecka and otie dustpant co work la dc^-oal till ytm we old.*® 

This k neither fortune telling nor palmistry^ but harmless ioculor 
plaT which merely goes to prove that the strise on the finger bulbs 
are" noticed by the people and mjule the object of slight reflections. 
The abOYc saying bdonga to a well-known category of folklore 
which may bo described under the Litle ^^counting out.” 

We iLlludod above to the hand stamp and its fundamental dif- 
ferouce from finger prints in thni it is unsuitabto for identification. 
Ijct us now enter more partieularly into this subject. 

W. G. Aston" has given three examples of the use of the hand 
gtomp in the East. In the Cbineao novel Sktd la of the 

thirteenth certturv a vTiting of divorce b authenticated by the 
husband stamping on it tha impress of hb linnil ameareil with ink^^ 
In Japarii deedsp notes of hand, ccrilficutesi and other documents to 

t A Taii, 11 (IMta, 1911?, P- TTb^Ma^rj lifciiftCtf ChlciSM ilbwUy bra^ 

m«cl fmn ladlL FmTilii 3 *lli ftpumf tbM it t^Q exilutlaia of ifott cfSchMc eJowm to 
wtk± ■ppWf HJiuB E LbetriHiity touts of tlw Burtdltii mH U la tacE utadHii: Arjaa caunTpLiao af Uvn 
Tiacr {A. Buddilit Art In p. m; IjniPtt, tkO^meatt, pp. 16&*liyF3- WJtlilla laitlnai 

«wtia Uw Ftrriaia, thU H H) old ourtE of floMV birth {catapfin U» 1UUU tmlan 

nbfhaJmikmy. to ChOu v« lOArt ndtloa UL&t A 030^ vfiiiM 

hkaiM wol aa aiMKHf th* brarttt iitd wtUeiEal hM ^wntloap bal ona wbisc hiad does not rMtb 
b^low tk *itot wia erw b*|BEr USd lowly (Gii^ t ff-, P- iSl). tB nttl^ lb I4u Pol 0^^ A, U.), It 
ruwd that aa ion wkwi ta bii ■bonldaft Bad UllusAi hh tobB (ailfifp BiOfrophlHl UloikQ^ 

* FtmfbiaadCaim«fl Soylaci Iwa Ctikn, SboEijliBlp 190!p p.SIA. 

* FaBMtt.VOLlTt 113 . 

i Kr WtinLr ftim U- P-1»3 trlAS to WalA odt ttXifK pilflts MOfllii* fa tiJi wBriE+wUch se^oH to im 
ua uomobottcl StAluiiaat. It k Uiirv plolalj tli* qomiaa of hiod Imprnlco? oplj. HavUtH^ 

“la liM noii^t Sl«f iAmn. eromplH ua j^na o( tho ia» of £ugtf wtats, Kti ioitf In dhbtosw !bQt iiko 
In crtmliiAa t»M. Tbdft U» ckipter normtlaf UnOraflEls dltoib* ef hk will tud UaM poBapi: 'Lta 
tThiinf , Blib^ bb nnnimaaBli tud tuptel whit bs dlQtat«fl, m$lfk^ bk il|a dunvlif, bod ftompod hk 
luad pfOtwa.^ AohI In^.Tvithpr p^mm, |ctvla<itd)etaQa af Wd Semficdpindtod* two WDHUOi, Ul«toa^ 
dffm of tUd VB rtad: ^Ua aaaHl lorth tlu two wdomii; aqmpcUed Uura bolB to idA hud dbunp 

tkatrancan; forthtkda«l^bc^ raAd«thornwrllodvwaUu □AmuimdjtJiiipfwlEhaa^J.''* 
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be used as proofs were formerly sealed in this way, a practice to 
whicb the word Ugata (haad shape) stili used of such papers remains 
to testify. IKicuments arc in existence in which Bdikedos haTe 
authenticated their signatures by an impression of their hand in red 
ink.* 

In the religious beliefs of the Tibetans impressions from the hands 
and feet of saints play an extensive r61e. These notions were appar¬ 
ently deiivcd with Buddhism from India. In the Himalayan region 
of aouthom Tibet the pious believeis are etili shown foot imprints 
left by the famous mystic, ascetic, and poet, JiQIaraspa (103S-I122), 
and in an attractive book containing his legentis and songs many 
accounts of this kind are given. By ‘'Traces of tb« Snowshoes" is 
still designated a bowlder on which be performed a dance and left 
the traces of bis feet and staff, and the faitiea attending on the soli¬ 
tary recluse marked tho rocks with their footprints.^ In the life of the 
Lama Byaras-e’en C'os-rjs {1353-1434}, who visited China at the invi¬ 
tation of the Emperor Yung-lo (1393-1410), of the lling dynasty, it 
is narmted that when he was dwelling on the sacred Mount IVu-t'aJ, 
in Shansi Province, he showed a miracle by kneading a solid, hard blue 
atone like soft day and leaving on it an impreedon of his hand, which 
a.<-tounded all inhabitants of that region.* The fourth Dalai Lama, 
Yon-tsn rgya-mts’o (1588-1615) produced on a stono tho outlines of 
his foot.* In 'Kbflt I myself had occasion to see, in tho possession of a 
layman, an impression on silk of tho hand of the Pan-e’en rin-po-o'e, 
the hieranh residing at Tashi-Ihun-po. At least it was so ascribed 
to him; but the hand was almost twice as large as an ortlinary human 
hand, and the verrmUon color with which it was printed from a wooden 
block lent it a ghastly appearance, llicse talismans are sold to the 
faithful at goodly prices end aecnre for them the permanent blessings 
of the sacred hand of the pontifmc. 


> B(eI Ink, Bln nliiu'ailp«eiTll*iaQacmini)iUei, erJdtoUr ta li«ci • mu^luicjnl intiaUUltt far bJoaS. 
A£d tfan irt rf Ibd ttlMha iRb punly mAcdnl chaiul^. n, ^Dm Steivtmhmea In 

p. U) nmiuja tlh&t tiA f^^nAq, li toJUkd on Udiail dAcumeiiH tutgiUy la rad, tiui tUtp 1 ji b|ick; it ***»^ 
IML wtrt cbliflr cmpteT«d cm tOitiuraEDlB &l dCQotluCd lo IcjhpIjb^ nrJUHUt hm-rtne nnnicriT tbs 
KW lUSd clmacter mf i Shuti cif wliJUo of nd papff »illi %tm Imprint, tbe Wt tJ>i 

btiaijrfliiii md tlifl rd*lit hand of ttu irila *rt ortr lb® dora oT Iioqbh m cEMno® uilvt 

Mid OElim toJ^Uniu dlHiHL anv CAd^iflsffci Slnfcm, So, \ Jj. 1S1> nmE®®ill* 
hiTiflt® ctMEuliiD* SJ mu EmpcTM Mine lidMki (n^TW A. D.) oAtveM ir™ dltetUit that Ubm 

Kicu *auu.t Ujh® btbiad yon 

T1l^lTtf7ll4;hlibilud i™ drawn; md MooidlneJy |M» Mlad tlw opportuiiity cd W 
caiAhikili^ijidibeapnBlivU^ ^ ata i±«rib®d whM Jwl 

Ejjimt&ftElon btmx uulB, tbt ImpriJaE gi b*f Ujwa „ famadi In Ibn 

tbfrriut vnald»tli«pi|iofc. TltmmM^lut.hGmi^^w^wMnawhtiniabusofnJ' Inra«MtttoUue 

Mum WOPttB, YM3|: afioih* emhtu b iMd to tlm Effiect m*t xbo axu UtmM UA pfitoli of 

An^ Into nrlMrauiwn tii® oonUU* jmM, Ml^r th* nu^Un Iwd bom 

pEon^, of iLtifir pifnli nJiib on thu ojmELiii^ hkt^OlUa. (oonqiw* P'd mtn rvufu, 

til TJp p, ISJ, 
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■rbld.,p.»& 








FINGEB-Fm^fT SYSSTExM—LAUFEEL 


647 


The 11^ of the hiind in sealing dtKiunents is by no means.restricted 
to China and Japan. It occurred as well in intern Asia. Malcolm,^ 
in tlescribing the conquests of Timur, states: 

Thi? cfficfflv of Ibe coiaqacrcr^n army were appotnn^d to tbb of ih? different 

pmvmcoa Mfcd citiea which had biwii subdued,, and on their commiwtonSt Instead of a 
p^], all improftiian of a ri^d hand wjieertampod; a Tartar ovs^, that rnurkwi the mjumeT 
La whith the icrrltDrEca had bi*i.'n taJten^ ils well aa that m which it wam intended they 
nhnuld bofiDViTHod. 

Tlie aymbolisin of the bind is here ckarly mi forth ; it w as a polil icid 
emblem of conquest lUid subjugation* W- Simpson ® ro&oivedj at 
Dinsltmtkioplo, tho infermation that iti early limos when the Sultaii 
bad to ratify a treaty a sheep was kUled, whereupon he put hb himd 
iiito the bloody nx\d pr^siad it on the document as his **hand and 

The foot impressiom attributed in India by popular belief to Bud¬ 
dha or Vishnu are well known. They occurs likewise, on the mega- 
lithic tombs of western Euxopo and in petroglyphs of uppor Egypt. 
.Likewise iho numerous reprcssonialious of hands in tho Europiean 
paleolithic caves* should he eallud to mind. Only vague guesses 
can be made as to their ori^na] meaning,^ and they may lie aJtcgetbor 
diffemit from the hand atamps much later in point of time. But 
these various examples of tho occurrence of hand representatJotis in 
different paiin of the world t^hould admonish us to e.xerciso precaution 
in fratuiiig hasty conclusions as to bund implosions leading irO finger 
priiits in China^ The former occur outside of China where m* finger 
prints oro in use, atid do not pretend to serve for identilication, nor 
can ihpy anaivcr this purpose. They have a purely religious signifi¬ 
cance; they may symbolize political power or subjugation or become 
the emblem of a cult. 

E. Minakata, ai the suggestion of his friend Teitaro Nakamura^ 
believed that possibly the ^'finger atamp*^ w-as merely a simplified 
form of the “^hand stamp.^^ Tbia view, in his opinion applies 
equally well to tho case of the Chinese, for they stiU use the name 
^^hand pattern” for the finger print.® Thb theory is untenable, 
if for no other reason than that the thumb print, as will be show^n by 
actual archeological cTidence, k very much older in China than the 
hand impression. The two Japanese, however, may have had a cor¬ 
rect feeling in this matter which they were unable to express in words, 

J HlfEOrjr tit Vfli p. 

* Tl ]4 A liAnd Li found oLw e^rvlon [imi ^ ihti SiiMiaU pfeHod {£Hr-ui A. I ). }. 

Pa £. HwEaiui, aQAinliiiin lUnt Sil-niDEfiiiu fiud Oroid CiJwAiizl fEdfsl JlinHr nol. U, IH^ Ft 3, 

Ko, lil). 

* F. atgmulE, Fmpfeinlfli dt iluJiLi btflHalOiBp ^nw U putit ^ Otfiw fjfliiattimj tl Mimoira SseiHii 

dt PviM, nwfir VflL i^pp.^i-a). 

■CdfGi^ V. ^ G. WUki, 3adwbtJiutn|iiiiii!h« U^p^iJikulEiir, Wanburn', iViX p> l-l^ 

^ Tbp lAtler Et]« nanot fmltprin ' 'ofdy -Amo* wtiAt It ImpUH, 

■U Imprcddofi. but nmTB j?iHbiL 
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or to prove pioporiy. If the finger print ha& not been evolved from 
the hand prints nor the latter from the former^ there tB a certum degree 
of inWRixI rdi^tioriBhip between the twoj both are coexisting pho- 
nomenji roatbg on rt common psycliological bnsis. In order to pene¬ 
trate into the begumnig^ and original significance of finger prinl4, 
H is necessary to consider another subject^ that of seals. 

The antiquarian history of Chinese seals begins with the famous 
seal of tho fimt Emperor Ts'in Shi (B. O. 246-210). This was carved 
from while jati® obtained at Lan-t'ion in Shensi Province and is said 

have contained the initcriptlon Having received the mandate of 
ileaven^ 1 am in possession of longevity and otornal prosperity/* * 
It was, accordingly^ the cmbltiin of sovereignty eonferred by lloaveii 
on tho Emperor.® The ivord ivhich bad np to that date served 
for tho deajignation of any seal^ vras hoiuM'forth reserved us the exclu¬ 
sive name of the imperial sealj in other words, a taboo w'as placed 
on it. Forthermore the character used in writing this wtu^ under- 
tvent a change: tho symbol for “jade” (tril.) entering into its composl- 
tioni together with a phunetlo elemcntj, was substituted for tho pre¬ 
vious symbol “earth” The latter word denotes also clajp so 

that we are abow^ed to infer that prior to the time of the jade seal of 
Ts'in Shi seals warn ordinarily made of clay. 

Tho common name for ih^m clay seals isfSng iti/ and they wore 
utilized specially in scaling docniiiontfl wliich were VTdtten at that 
time on dips of bamboo or wood. After the age of ErapcRir Wu 
(B. C, 15fi-4i7) of the Former Han dynasty they fdl into disuse, 
but during his reign they were still omployed^ as attested by the 
biographies of the Getis, Chaiig K*ien and Su Wu. Stein * has 
dbeovered a laigu number of such Ublets with clay aeob attached 
to them in the ruina of Turkistan. A number of ancient clay ssseals 
having boon discovered also on Chmese eoili particularly in the 
provinces of Shert&i and Honan, they could not escape the attention 
of the native firchetdogi6t&. One of these^ Liu Tie-ytin, pu bitted 
at Shanghai in liKH a small work in four volumes under tho title 
Tif^lfUn fflo, “Clay Piooea from tho Collection of Tl^yOn/* 
Th<se voiumtai ooutain facsimiles of a number of clay seoia an¬ 
ciently employed for sealing ollirial letters and package^,- The sub- 
joctp however, is not investigated i and no identfficatiom of the char- 
actem of old script with their modem forma are given* Their deci¬ 
pherment b difficult and remains a task for the future. A few such 

^ a^CllAVuniHCUfl Bli^Oir^liauirklH nt UK-UOJ tui ramM Uwnrbui 

dflUnla of thm ixvw ]«l noU wcuriiAi e 2 m CtUnn^ tncUOu), 40^ la iM T''uif drawlr* 

* 0ChtiwEcviUi Hklkiwj, Nw. Ul^, 4U4. 

> LlmjnlBrmca la Uwn on ki»« twEu KfiLnifiic Ibsn an Jn 1 ^ «:ii4orB«Ui Tta 

Urt id cIl aOy p. H. 

«Xlsoua. Oxiwi, jar?;, Ve3L h p. 

»Lflubr, Cbbmk p. ud Cbavumi* In Jowaai aMiaUfUf, val U, So, U ItiJ, p, m. 
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cli'ty sioitlia Bccurvd by m®' nt Si-rkgan fu likt:*ly to famkli tm ini- 
portoBl conlributioii to tho eafly liUtory of the finpcr-print 
Tlio BCfil eomiilercHl in ancient China as a magical object 
euitablo to combat or to di^el oyiI spirits, and the figuroa of tlgvmp 
toctobos, and monsters by which the metal booIs were f^ortnoutite^i 
had the function of acting as charms. We read in Pao-p'o-tae “ that 
in olileii timf^ people traveling in mountainoua regions i?arru?d in 
their girdles a white seal 4 inches wide, coTered with the design of 
the Yellow Spirit and 120 characters. This seal was impressed into 
clay at the place where they stepped for tlie nighty each of tlis 
party ma<lo 100 Bteps into the four directions of the compa^i with 
the eiToct that tigers and wolves did not dare approach. Jade 
boxes^ and even the doors of the palaces, were sealed by means of 
clay scab to sliui out the influence of devils. Kumeroua are Uio 
storiea regarding Burldhbt and Taobt priests performing miracloa 
with Die assistance of a magical scab 
On plate 4 six such clay ticalfl from the collection of the Field 
MneeUTn are Ulnstratoci. The mo$i interesting of these is that ahown 
in figure 2^ con^bting uf a bard^ gray baked ckj^and displaying a 
thumb impresaion with the rirlgGs in firm^ clear, and perfect outltnes,, 
iJis gmatest length and width being 2.5 cm+ It b out of tho qiiestion 
that this iinprint k due to a mem aceideni caueed by the handling of 
the clay piece, for in that case wetskoiild ace only faint and imperfect 
traces of the finger marks, quite umilTicient for the purpose of Identi¬ 
fication. Thk impmssion, however^ is deep and sunk into the 
aurfajce of tiia clay seal and beyond any doubt waa effocted with 
intentional energy and doiermitiatlon. Besides thk lecbnicd proof 
there h the inward evidence of the presence of a sesl bearing the 
nanxe of the ownor in an archaic form of characters on the opposite 
aide. This acal^ 1 cm. wide and L2 cm. longt countersunk 4 mm. 
below the surface, is exactly opposite the thumb mark^ a fact 
clearly pointing to the mtimato alBluition between the two. In 
reasoning the cose out logically, there m no other significance posnifale 
than that the thumb print belongs to the owner of the seal who has 
hia noiiiD on the obverse and hk identification mark on the reverse^ 
the latter evidently serving for the purpose of natablishing the identity 
of the seal. This case, ihereforot U somewhat analogous to the 
modem practice of affixing on title deeds the thumb print to the 
signature^ tho onn being verified by the other* This ODique apeci* 
men is tho oldest document so far on record relating to the history of 
tho finger-print syatem. 1 do not wish to enter here into a discus¬ 
sion of tho exact period from, which it cxiuioa down, whether the Chou 
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pericKi or tbo Ffvrmar ITan cl)^a.4ty k involi^cil; this b irrflfv 

vant; at oU nvc'nta it may bo stxitod confidently that thk pbjccL. like 
other clay was made in the pro-Chrbtian era. An examlnatioD 
of othor pieces may reveal some of the roligiona idoas ondorlying thfi 
application of the thumb prinL Many clay ftoaJs are freely faaliionod 
by means the finger and exhibit strange relations to these organs» 
The finger shape of the iwo aeald in figuros (S (tml 7 on plat^* 4 Is 
obvious. Our illURtnitbn shows the lower umnBcribed eidcBp wliile 
the name b impresised by mentis of a wooden mold on the upper side* 
Exmnhmtinn of these two pieces brings out the fact that they W(tr£5 
shaped Irom the upper portion of the small finger^ and further from 
the back of the finger^ The lower rounded portion of thxt object in 
figure 7 b ovidontly tbo nail of the small fingor which was pressed 
against the west day lump; the seal has just the length of the first- 
finger joint (2.0 cm- long)I the day mohi follow's the round shape of 
the fiiignr, and the edges coiled up after baking. The lines of the 
skiu, to become vbihle^ wore somewhat grossly enlarged in the 
imprc&^ion. The clay seal in figure 0 (2^4 cm* long), I bi’liove^ was 
fashiDned over the middle joint of the snuUl finger of a male adult, 
the two join is at the upper lOid lower end of the aeal being flat toned 
out a Jittlc by i>rt'aaure on the clay, and the lines of the epidemus 
being arthiciaily imortod between them. The seal in figure 5, of 
rtni-burnt day, with four characters on the opposite side (not illus¬ 
trated), was likewise modeded from the bulb of the thumb by pressure 
of the left sido against a lump of day which haa partially reiuainerl 
a ridge adhering to the surface. Tho latter was smooLheil by meami 
of a flat stick so that no fiugor marks oould survive. The groove in 
the lower part is accidental. Another scjuare clay &r!}il ixi our collection 
(No. 1170S2) has tikewise a smoothed lower facCp but a sharp mark 
from the thumb nail in it. 'fheso variouB processes suflice to show 
that thi^ primary and essential point in thf^e cUy aeob was a certain 
sympathetic relation to the fingers of the owner of the seal* Here 
we must call to mind that the seal in its origin was tha outcome of 
magical ideas^ and that, according to Chincsu notions, it is the pledge 
for a personas good faith; indeed^ the word yin, *^scalp" is oxpiaincti 
by tlie wotil *'faith.^^^ The man attesting a document sacrificed 
figurativedy part of hb body under hb oath that Ibe statcanentB 
made by him ivere tme, or that, the pmmbe of a certain oliliguliun 
ivotildi bo kept* The st-al assumed the shape of a bodily member; 
indeed, it was immediately copied fniui it and imbued wdth the Hciih 
anti blood of the owner. It waa under tho sway of these notions of 
magie that the mysterious, unchangeable fumiwa on the finger bulbs 
ciime into prommence and received their importance* They not 
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oqIj eontHbtit^ to idpntifj an inditridual uDmistAkably but also 
prfstuited a tAo^ble o$seiico of tbo bdiridualitT and l^nt. a spiritual 
or magical force to tho written word. 

FinidlT, I iih<»xtld like, in this connoction to call attention to a p*>cu- 
liar metiiod of painting practiced by the artists of China, in which 
the brush is altogether discarded and only the tips of the lingenfi on* 
employed in applj-ing tlni ink to the paper. Thb specialty is widely 
known in Clilna under the name Mi Amo, which literally meaiio 
fing(‘r paintuig,” anrl atlll evokcu the highest admiration on the 
part of file ^Chinese ]iublic, being judge<] as for aui>erbr to brush 
pointing. Ihe first artist to have cultivated this peculiar stvle, ae- 
oording to (Thiiieae traditions, was Chang Tsao, in the eighth or ninth 
century, of whom it Is said that “ho used a bold brush, or wouJil 
smear color on the silk with his liand.“ ’ Under the Afanchii dy^ 
nasty, Kuo K i-pei. who lived at the end of the seventeenth and In 
the fimt part of the eightociitb century, was the best represimtative 
of this art. “His finger iiahitinga were so cleverly done that they 
could scarcely be distinguLdna! from work done with the bruEh; they 
were highly appreciated by his contemporariea,’' says Hirth. On 
plates 4 and 5 two ink sketchtis by this artist in the collection of she 
Keld Museum are repitiduced. Both are expressly statod m the 
occompunjTug legends written by the piuntor’s own liund to have 
been executed with liis fingers. The one representing two liuwka 
fluttering around a tree trunk la dated 1(585; the other prcsoiiLs the 
reminiscence of an instantaueotiB observation, a sort of flashlight 
picture of a huge sea fish stretching ite head out of the waves for a 
few seconds and spurting fortli u stream of water from its jaws. 
The large monochrome drawing shown on plate (5—cranes in a lotus 
pond by Yo Y"u-suti—is likewise attested as being a finger sketch 
(Mi mo), and the ]iaiiiter seems to prove that he reidly W his art. at 
his fingers' en<ifi. Hirth is inclmcd to rogant this technique “rather 
a apcciaJ sport than a serious branch of the art,” and practiced “aa 
a specialty or for occasional amusement.'* There was a time when 
I felt tempted to accept this view, and to look upon finger painting 
as an eccentric whim of the virtuosos of a decadent art who for lock 
of inner resource endeavored to bum uicense to their petaonal 
vanity. But if Chang Tsao really was the father of this art, at a 
time when pointing was at the culminating point of artistic develop¬ 
ment, such on argument can not be upheld. I am now rather dis- 
posctl to believe tllat the origin of finger painting seems to be some¬ 
how linked with the practice of finger prints, and may have received 
its impetus from the latter. The relationship of the two tonus is 
somewhat significant; Ava cAt, “to paint the finger,” we saw above 
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IB the pawMtg<^ quoted from Kk Rung-ycii, U the phnwe for *‘mB|drtg 
a 6ttger impreemoa " in the Tang period, and the same words reveised 
U) their position, c\{ Ivm, mean "finger painting** or "painted with 
the finger,” It seeim to me that aieo in fiitger painting the idea of 
magic was prevalent at the outset, and that the artiat, by the imme¬ 
diate bodily touch with the paper or ailk, was enabled to instill part of 
his soul into lua work. Eventually wo might even go a step farther 
and make bold to say that finger painting, in general, b a nuist 
ancient and primitivo method of drawing and painling, one practiotHl 
lung before the invenrion in the third century B, C. of the writing 
hribdi of animal hair, and the older wooden stylus. The hand, with 
its Teisatile organs of fingers, was the eariiest implement utilused by 
man, and the later artistic finger painting might well be explained as 
the inheritance uf a primeval age revived under euggestiona and im- 
pTf^ioub received from the finger-print system. 
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1. AXriENT aTIES, 

*'Wo should not bflTc Ihft idea of aticiont cities,’^ irrites Pustel of 
Ooolaugeji, *' that wo havo of lliose wo aee built in our dav, A 
liou.s«3 are erected and that k a village; the mimber of houses is 
gradually increased and it becomes a city; and wo finish it, if there 
be room, by suironnding it with a moat and a wall. Among the 
ancients a city was not formed in course of time by a slow increase 
in the number of inhabitants and buildings, but they constructed it 
at once, complete almostinaday.”* The first, nood of the foundctr was 
to choose a site for the now dty, but the choice was alwaj'a left to (Jm 
deciaion of the gods. Around the altar, wdiich bocamo tho shrine 
of the city, were built tho houses, " juat as a dwelling is erected nreund 
the domestic fireside.” The boundaiy, tmeed according to c rcllgiona: 
rite, was inviolable. This ceremony of founding tho citv was not 
foigottcn, and each year thoy celebrated its annivorsarv. Ererv 
ancient city wws first of ail a sanctuaiy. 

Rome, in particular, was created in that way. One of tho remnrk- 
abJo traits of her politics was that .«ho attracted to heraelf all the 
cults of conquerod peoples, and this was tho chief way ihreugh which 
she succeeded in inomising h«r population. Sho brought to horeelf 
the inhabitant of conquered cities and little by little ahe made 
Homans of them, each of them being permitted to oxeroise liis cult * 
this liberty was enough to retain them there. 

At a time when statistics ware unknown wn are left, hr lack of 
aeourtito figures, to rely for Information upon some veiy uncertain 
and probably exaggeantod eatimates by ancient historian. Beloch, 
cited by M. de Foville, gives 800,000 mhabitants to Homo in tho 
reign of Augustus; Young estimatoa Carthago under the Empire at 
700,000; SchmoUcr gives 600,000 to 700,000 inhabitants to ancient 
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In Gkmco the origin of cities vas duo to t>ho saitio religions motive, 
but *' the topogrnpliy of tlie countr;*, tbo cboracterist los of tJio race, 
tbo soomi end politicid stfttns, all united In turning tltat conn try 
tenentd trades and mannfaetures, commeFce. navigation, ooloniicfition, 
an<l ovmyvdioro gave birth to cities which, like Miletis, Cbalois, 
Corinth, ^I5gina, and later, Athens, found in Iho now wavs, riches ntut 
fame. It produced tliorc, in brief, fn>m the seventh to the fuiirih 
centaries before Christ, a pbenomcnon ctimparablo to what ive see 
to-day among modern, jieeplos." * In Orecaie it wna chto^y through 
skvery that tho cities increasod in their w'ay the number of itiluib- 
itants. It WAS Chios, a moritiaie oily, that first intrciduced foreign 
slaves mnnng thorn. Its oxompto was imitated by cities which had 
like needs, and there was thus oigenir^ "a steady' stream of immi¬ 
gration, which brought from b! 1 the Orient into Greoeo on abundance 
of worlanen.'' * The population of ancient cities also included a great 
number of foreigners (m6t5qucs) who, liuviiig abandoned their native 
land ^rith no hope of return, consecratnd ihamselvea to the tnides 
and to commerce. At Athens, toward the end of tlie fifth century 
before Christ, the m6t^ues and tJie froodmeii reached the number of 
100,000, IIS opposed 1o 120,000 citizens. Prosperity was then directly 
pmportiannto to the abundance of Itandwork, for (lie ami was the only 
force employed; but from the day when work and monoj' failed them 
the cities decreased in population. Such was Grocco during tile 
second and fi.rst centuries before Christ, '*Thebes," TiTitos Strabo, 
**waa only a market town mid tho other cities of Bceetla showed 
the same decline." 

Before the Mediterranean epoch, whera the principal seats of civil- 
izaUen were represented Himultaneously or tn tuni by the groat oli¬ 
garchies, PheniciaDj Canha^nian, Greek, and Itdian — and ive 
might repeat for Tyre and Corthn^ what we have said of Grecian 
cities—were placed the four great civilizations of iiigh antiquity 
which all flourished in navigable redone. “Hoangho and Y&ngtze- 
Kiang," writes L. ^fetchmkofl, "flowed through the primitive do¬ 
main of Chinese civilization; Vedique, India, ^Tia likewise cut by the 
bo^ns of the Indus and the Ganges; the AssjiTo-Babyloman mon¬ 
archies spread over a vast country of which the T^ria and tho 
Euphrates formed the two vital arteries; Egypt, finally, as" Herod¬ 
otus has said, was a gift, a present, a creation, of tbo Kile." * Fmm 
Nineveh, on the Tigris, As^an civilization was carried to Babylon 
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on the Euphrates, to return to Srleueia on the Tigris. Even to-da}* 
nU the rigors bring together tlie inuet intooso itconomio life. 

3tr. Pant ^fougeollo has trith re&!ion reronrked that at euoh eueces^ 
fljTe period of the genera] history of the Western Empire the principal 
csenters of civilLzfltlon ha\rc oxtenHed farther and farther from the 
Tropics toward the polar circle,* This is shown by the folio wing 
table; 
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In many ondent cities agriculture surpassed industrial and 
commercial activities, Bveiywhere within the ancient cities were 
fountl common pasturage lands, aa at Palmyra, and it was the same 
in many old medieval cities m France (Douai, Amiens, Anriltac, 
Dole, etc,), in England, in Germany, and in Italy, Not only were 
die inhabitants of the cities agriculturists, possessing fields outside 
the cities, hut urban space itself was in great part under cultivation, 
Tlie ancient writings make frequent mention of wide cultivatoii 
tracts or of agricultttra! undertakings. These are cliiefly gardens 
and vineyards, but mention of arable fields are not rare. Somelimea 
these cultivated tracts serve to separate the various quarters of the 
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city Anri arc an Indirect proof of the Tillege origin of the dwolleis 
there.’ 

Among iincient peopics war wna niton a dirontc pondition ant] 
strifes occurrod even ’within the rities. Tn Rome rivalnfs hot ween 
the sereral (quarters Ick) Mommaen to say that the city 'was an assem¬ 
blage of sm^ urbiUi communities rather than a city aggregated in a 
aingie body. Each part of the cit}’ was fortified as much against 
otiier parts as against the common enemy. In Babylon temples and 
palaces each formed n fortress wiLttm tlje city. At Riieinfelden 
strifes a'ere frequent between tlie city and tJie chatemi.' 

Jl. CITIES OF TUB MIDDLE AGES. 

Medieval Europe never had cities as great as tlmse of antiquity. 
The population was more widely acattcred and the causes of concen- 
tmtion which prevailed in the nineteenth century did not yet exist. 
Up to the year 1400, (’oSogne and Lubcefc, tji Gcmiany , alone exceeded 
about 30,000 iuhabitants. Burcklmrdt gives 90,000 citizens to 
Florence in 133S and 190,000 to Venice in 1422, altiiough M. de Foville 
thinks those figures are too great. iSchmoiler estimates flOiOOO to 
60,000 inhabit an U In Brttges and Gaud toward the end of the Middle 
Ages, and Antwerp, in the sixteenth century, had about 200,0f)0 
population, England for a long period had few cities, In t3T7 
London numbered .30,000 to 40,0{50, York 11,000, BrLstot, 0,500^ 
Uoventry 7,00(1, and at the end of the seventeenth century only two 
provindal cities, Norwich and Bristol, appr^tached 30,000 inhahhants, 
the others remaining below 10,000. 

As to-day in certain new countries, such aa Australia and jVrgcntina, 
so the cities of antiquity were formed of ” heads dbproportioaed to Iho 
bodies," and the rural dement was not necessarily important, But 
this lack of equilibrium in the “social body" did not exbt in the Mid¬ 
dle Ages, the land commanced to bo colonized and impreved; slavery 
no longer existed, and serfdom attaeUed to the land. The difficulty 
of communication checked the cuirents of immi^ation, formerly 
rendered ea.Hy by tlie sea. The market, during the greater part of 
that period, was tlie nucleus of the city, except when it had its origin 
in aoiUfl towns of the Gauls, or from some Homan communities. Tn 
many cases the urban right was one of the forms of rov'al or seignior id 
concessions for marketa and it served to keep the populotion in a 
place granted. Bruges, Gand, Toumai, Valenciennes, etc., are 
purely economic creations from morkot centers,* * 
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were built either around sonie old Roman camp or at the 
crossinjf of a rivers wJ^und a charch, (m abbev^ or fortified ehateau. 
The plan difrered accordijj|f to the origiti, and extenfiiaD was made 
irTegularl>% foliowkig the topography, or concentrically around one 
or many centers. 

Pam, the ancient Lut^e, be^an on tho Ih de la Cil4 Although 
that place, coverecl with a bed of muddy alluvia^ waa not at all 
suited for habitatioUp yet it was an island well located and ijpocially 
favorable for defenset being a direct extension of a natural stretcli 
of land. The right bank of the river boing only an inhospitable 
marsh, Paris extended first along on the left, bonk anci climbed up 
Mount St. Genevifivo. But it is the river after aJl that continues 
to dominate tho city, thanks to the Corporation des NauteSi^' 
The invasion of the Barbarians reenforced its defense; the fortified 
city gained in imjjortance. The Francs camop were converted, and 
Chriitianily bc^an in earn^t the iram^formation whence emerged 
the Paris of the Middle Ages and of modem times. Capital of France, 
she grew up with r^al power.^ 


T«ir. 

Adipi. 

I 

1 
! p 

__ 

iTallnn ___ 

w.m 

m.oDD 

mooo 

snevpoa- 

sn.m 
i Mt.O» 

714,000 

1,00,000 

iAJ^m 

l,i£3a,D0D 

L.Hi.OOO 1 
tpMS.OOO 

3p7n,om 

fija„.. 

Chnrti.............. 



IISS........ 

.. 

FbJUppa VI_ _ 

.. 

iifiiuT rv. 


idoia XIV_ __ 

1^.............. 

LooliXVI .,.._1 

LAI..... V... 

CMmEULt 

UQT..p.-. 

laai.____ 

Lmibxvun .;.. 







IMA... 


im.. 


tKfl.. 


15^....... .... 


m ... 





In the Middle Ages wars were frequent, and dti<^ sought, above 
everything, positions for defense; but after they had built up the 
heights, settlements were made in the plain when rclativo peace 
prevailed attracted by the presence of water and fields for cultiva¬ 
tion. The city w$A often made up of two distinct elements: One 
inhabited by soldiers and agriculturists, the other by merchants. 
*^The FlemLsh cityp^^ writes M. Pirenne, *%ss made by joining a 
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fdrlr«i<s and a market place, u ca^tnitn and a portu9.“ Tim melbod 
preiTsiled in the most varied civilizations, in ancient cities as well as 
in the rntwlievul cities of France, Germany, England, and Italy-' 
The city of Hatblionnc, for example, was formed of three parts. 
The first contained the palace of the Kin g and some convents 
(rr|:iu8 po^iuB, or royal district) j the iseconcl included the eourt of the 
clei^-, two convents, and some merchants tpogus cleri, or priestly 
district] j tlicse two parts together eomprisciJ the old city (antiqUA 
iirbri). The third part, or new city, was inhabited by the merchants 
and artisans fpagus mercatonim, or mercantile dbitrict). Military 
needa demanded places easy for defenije, some strategic points ivhence 
they could command the surrounding region; while for economic 
purposes there was needed easy communication, suitable for eiim- 
nierdal activities. Now, as M. Ron4 Maunier remarks, the some 
ri^ons very often have all these divorae qualities, for example, the 
centers and the boundaries for geographic units. An intersection of 
roads answers best for both ooods. It was for t>iia reason that Erfurt, 
a military center at the crosarojids of Thuringia, very quickly became 
a center of commerce. Ratzel had before ohsen'cd that in every 
geographical unit life is especially developed within these limits. 
Commercial business b attracted by the frontiers, and to-day indus¬ 
tries ore spread out on the city boundary; maritime ports are more 
and more growing to be induatrial centers. 

In the city of the Jiliddlo Agee industrial activity was Iimitjd to 
local needs; it was the system of dty economy to which would later 
succeed national economy. Some special maikots were given up 
each to a particular product; trades permanently occupied certain 
streets to which they gave their name. You still find this MnTnn 
Custom in cities of the Orient and in Morocco. This grouping of 
trades is easily explainetl cither by technical or hy^cnic causes still 
existing in Home cities, such ns the tiecesaity that taiinei? and dyers 
be near some W'ater, that ropemakers be near some walls, or bv legal 
requirements, such as city ta.x and reguiationa imposed on the cor¬ 
poration, and the localization of trades, whereby the authorities 
maintain competition and render easier the control of merchandise.^ 
In another case the trades have not all come at tho same time, but 
have been successively engaged in promoting tho extension of the 
city. Finally, the professional group is not only an economic factor, 
hut it is often still, according to M. Renfi Maunier, a society, a brother¬ 
hood, which constitutes in its membership a real comraimity of life 
and which requires that they bo near together. 

In proportion as the city is developed, the trades would bo multipliod 
and decentralized, they would foUow the consumers and bo dispersed 
with them; then, when the city ceases to bo their chief market, new 
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industries st« eatablwhed on the boundary and even outside the dty. 
Berlin has, tn this way, developed, industria! estahlishments directly 
dependontuponthatcity covering a radius of 100Idlomatera. There 
is also a financial reason for this spreading out, and that is tlie decrease 
In average location values from tlie center toward the boundary. 

III. UHBANISll IN THE NINETEENTH CENTURY, 

{ft) GfoniL^FEncAL Situation. 

TliG formation of conters of population and of waj? of communica¬ 
tion wliich unite thmu is deterrniiitxl at onco by conditiona dependent 
on manp bused on the de^ee of culture and on poIiticiU conaidcj-j^tions 
and by certain natural conditions^ such as the richness and lay of the 
land as wdl as to other factors connectetl with the climate.^ Tlie 
influence of latitude is very marked. If you look at the annual 
aTerage isotherms on a roapi you will see that the most important 
city aggregations of the Northern Hemisphere are grouped chiefly 
hetw^een the extreiue Hniita of 15® 0. (00® Fd (St. Louisp Lisbon^ Oenoa^ 
Homep ConstantinopleK Shanghaij Osakwp Kioto^ etcO, and 4® C. 
(40® F.) (Quebec, Christumin, Stockholm, St. Peteraburgj etoj. 
The isotherm 10® C. (50® FJ represents accurately enough tho centi'al 
axis of tltb ssone, within wrhich are found 0iicngo, Kew^ York^ London, 
ViennUf’ eto. The Tropical Zone includes only 24 cities of more than 
lOOtflOO inlmbitants, 15 of which aro in Asia, fl in Americap 2 in 
Oceanica, and 1 in Africa. 

High altitudes^ like extreme temperatureai diminish populationSj 
wliich disappear completely at a certain limit. In Europe tho inliah- 
ited centeis only exceptionally exceed an altitude of I jSOO metora(o,CiO0 
feet). Bui in the Tropical Zone it h natural that populations seek 
high altitudes so aa to profit by the lowering of Uio lerripcrature and to 
derive benefit from a tempera to dimate. In Abyssinia* the inhabited 
itono is almost entirely mcluded between I ^800 and 2^00 metors al ti- 
tude- Sana, in Ambkj is 2,150 metem high^ Teheran (250,000 pop- 
ulatbn) is at ii height of 1,230 meters. In Tibet, Lossa is 3,560 
meters high and Chigatze 3,620 meters. From Jfejdco to Cliile, aside 
from some ports on the ocean, in nearly every instance you must seek 
above 2pOOO motors for tho most important ciLits. Mexico City at 
2,300 motm numbery more than 300,000 mhabitants; Quito, with 
80,000 inhabitants* is 2,S50 metera highj La Paz, with 63,000 inhabi¬ 
tants, 2,700 meteis; and Potosi, with 16,000 inhabitants, is at an 
elevation of 4,000 metcra* (13,000 feet). 
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Tlie (tile plftjB a r*le nctless importatit than the general gragrapbical 
poeiiion. You can conaider this from & trijde point of view: From 
topograpbicaJ toeation, aituation in rohition to meana of communica" 
tion, and geological compositioii. The topographical point of view 
ia Bomotimes of great importance, as when the city must iirat of all 
think of means of defense; it is preferable to look for heighta. \Vhat 
19 of chief jmjwrtanco to-day ia facility for constniction and for expan¬ 
sion; land flat and solid, and extended enough. We will return now to 
a study of the pi an of cities. The general si tuation cert ainly precedes 
tho localaite, TLclocaiingof mnnufacturingestablishmantsis depend¬ 
ent on Llie locating of meanfl of communication, Tlio great cities aro 
atuated on the hanks of rivers, of lakes, or aaas;* they have s]irung 
up along railway llnea; tlieir development b dependent on lha impor¬ 
tance of the circulation; when that is turned aside tho city is ruined 
(Ijo Cap). According to its geological constitution, a city exerts its 
influence either throiigli the presence of fertile soil, suited to agricul- 
tart*. or by the presence of mineral wcaltli, coal or motallk ores, 
which have promoted the creation of great industrial cities, 

(5) Huiujf Fact^ba. 

Urbanism is a phenomenon of great complexity which can be sim~ 
phfied only at the expense of very close study. An examination of 
geographical conditions is necessary but will not alone GufEce. Human 
factors play a considornble vQIb not only in the past, as wo havo already 
seen, but even more in tho present. Very largo citifs arose during 
the nineteenth century. In ISOI there were in Europe, according to 
M. Paul Mcuriotj^only 21 centers with more than 100,(100 inhabitants; 
22, perhape, with Constantinople. 

rarirL 4 Tto,v or mE vajiNcirAL cttieb or uni. 

Gwt Bribdn trcland; Loodon, Dublin, 1 ^(},OQO; E^bbiLf^lip 85 pOCK)| 

tiviirpMlp iSSpflCKI; IfiUbcheAtcr^ 76fiOO; Binaingbam, 70,<NX>| Bnatthl, 1(1^000; Leeds. 
J53pW. 

Fwieei FhnSp54$^00[>i Miinc^iUe, Lyotip 109,000^ Bu^0ttiLx,OI.GO(}; Rouen^ 

67,OW>\ 73,000; LiHii, MpOCM}; TduIoilk, 30,000. 

BtflgimnT 60,000; Antwerp, fi^pDOO;, 'Gaud, 56^000; Li-egc, 

Halianil; Amslerdamp 215,000; Botteniaiii, 50,000; The Higtie, 31,000. 

G^mxny. Berlin^ 172,000; HambuiE, 1CM>^0D0; BttoInTi, md 

60,000; CbIcfDO, 50,000. 

Aufftri^LdiulHin^^Eiy: Vieaiuk, 231,000; 70,000; BtidApM^ 54,000; Lembeff^ 

4£,D0D. 

Itily^ Nsplos, asOpOOO; Romo, 170,000; ililin, 170,000; Yenke. 150,000; 

120,000. 
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Spain: Madrid and Barcctvmi mm than lOO^OOD. 

Pojtii]»al: LiabEsn, mm tiian 100^000. 

Rumia: 81 , Pol^eMbiiifg, Modcw, Vareo™, moro than 100,000. 

In ISSO the number of cities over 100,000 mhabitimt^ hsd increased 
to 42 (3.S per cent of the total population); to 70 (6.6 per cent) in 
1870; to 121 (10 per cent) in 1S05; to 160 at the opening of tlie 
twentieth century. In 1000^ 23 cities esreoeded 500,000 mhabitants, 
6 numboroti a million each. 

Kvwtn or £u^iiqf£AN emtx or ifOJiiE ruAif rsHAnrrAvra, akb pofltla^ 

Tiojcrt or TMOflR KxcBEi>r^ro mym, 

Grqat Britnin {1W7>: 33citbi of more- than 100,000, of whitJi 1-i exceeded 
&fl loLfoini: Londqii, tJSfi.OOO ^rcfLiOaiioii Lgpdon) or 7,318,000 for 0rioter London; 
Glufgow, 848,000; Llvcrpcwl, 7^8,000; Man^lweter, 4m,CK)0; Bimiitigliwn, 5.!^:l,(XIO; 
Leodr, 470,000; Sheffield, 458,000; 308,000; Ediiibuf^h, 340,000: Wrft- 

Ham, 30^,000; Bimdlond^ 200,000; KFircMiIe, 273,000; Kinf^Hicta-upoa-JiulI, 287,000; 
257,000, 

Irolimd (lOOl): 2 cklr« of tuons limn 250,000; Publin, 378,000; Btlfwl, 350,000. 
All thu nitietn 1e» than 100,000. 

lucms ihm 100,000* of whicli 4 oxc^ 250,000, jib follow*: 
Piiria, 2,703,000; MwBeillc, 517,000; Ly^m, 472,000; Bcrdcaui, 252,000, 

Btdipinii fl906): 4 citica of more thaii 100,000, nf whieli 2 exceed 250,000, jib foBon: 
BriWilj^n 023,000 (with iti faubeuigr); and Anlwc^rp, 304^000. 

HalJaad (1000): 4 riikB of mono duui 100,000, uf wbk:h 2 «Xc«cd 250,000, aia folloin: 
Amiterdani, 504,000; Ecytleiduu, 390,000; and The Jlogne, 249^000. 

Gettnimy (1005}: 41 citi^ of mofo than 100,000, qf whicli II exceeded nr rpiicln?d 
250,000, US Mlows: B^rlint 2,6lO,OCO; Hamburg, 803,000; Munlcli, 589^000; Dfi»- 
dcu, 517*000; l^ipz^, 504,000; Biealmi, 471,000; 429,000; Frankrcirr, 

335,000; Nurembcig, 294,000; thmeoldcrf, 253,000; Honovert 250,000. 

Auertria-Uuiigary: 9 ciliiSB of mm than 100,000* nf which 2 tixceed 250,000* ob fal¬ 
low*: VioEuiB, 2,000,000 (in 1007); and Bndapeft, 782,000 (ia 1000}. 

SwitzFJiund: 8 citw of more ihnu 100,000-—Zurich, BSJe, and Geneva-^but nooo 
TB&cbifig 250,000. 

Ilaly (1901): If dties of more ihan 100*000, at whiidi 5cxc4^ 250,000* aa foliowa: 
Naples* 504,000; Klilan, 493,000; Route* 488^000; Turin, 330,000^ Palermo, 310,000. 

8puu (1000): 7 clll« at Icaaf 100,000, of which 2 c-xcuinJ 250,000, as foUowe: Madrid, 
540*000; Kiid Bamdutm, 533,000. 

Purtugttl (ISOD): 2 citiwof mom ihan 100,000. flf which I qxeecdi 250,000, uaracily, 
Luhen, 350*000. 

Graces (iSKlC): 1 dly of 170,000 (Athena). All llio otherm lc« tlum 100,000. 

Ttirkey in Knrvipe (fcctml O^roa): 2 citiMnf morn itmii 100,000, 1 of which cxceoda 
250,000, naiELcIy^ Cenatan linopLe^ 1,100,000, 

Boumaiiia {1809}, 1 dty af 270,000 (Bulcai^l}. All ilia clhans liw than 100,000, 
Rcuak in Kun>pe (100^1907): 14 mm lha* 100,000, of whidi 7 exc^ 

250,000, aa fallnwB: SL Pbteirfmrp, 1,429,000 (in 10Ot5); Mokow* 1,850,000 (in 1007J; 

750,000 fin 1001); Odeaaa, 450,000 (in ISOO); Lodx, 852,000 (in 1900): Kitw, 
319,000 (in 1902); Rif^, 282,000. 

Finland (1005): 1 city oi 117,000 (Hcliingrdra}. 

Donmafk (1006): 1 city of 314,000 (CopcuhAgim) with iti laubeui^. AM the qUiefa 

M ihiui 100,000. 

86300’—fiM 1012^^—43 
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Swetltiu 1,1004): 2 cIUm aE uoiti lium LOO,ODD, uE vhidi 1 uuly uceedi 230,(NO 
330,000. 

(lOQO); I city pf 333.000 ECitriadAiciiiii. Ail th« pUi«n Ictt tliui 100,000. 

In Frflnw, from 184 ft to 1906, th« poj^olation of the cetitere of toore 
than 2,000 inhAbit^ts tfsfi from 24.4 por oeiit to 42J par cont. In 
Engianiip accoriiing to J. JameSp in tlao rural balancod with tho 
city papulation;^ in 1901 tho rural papulation rcprceented only 23 
par cent of the total. In the Unitod Statoa, ftcoarding to the same 
author, the popiilation; of citim of triara tliun 3>000 liduilHtanta rose 
from 3.3S por cont in 179U to 29.20 por cent in IS90. From ISTU to 
1S95 the population of Europe had increased 20 por cent; that of 
cities of more than 100,000 inhabiUnta 52 per cent* For each 1*000 
inlmbitanta of our continent yen can reckon 15 in the Large cities in 
IROO, 34 in 1850* G3 in 1370* and 100 in 1395- In ISOO there was one 
dty of mere tlum 100*000 inhabitants for each 450,000 square Idlo’ 
meters, in 1S70 one far 134*000* in 1895 cne for 75,000 {P- Meuriot)* 

Among the human factem of urbanism during the nineteenth 
centurj" must be noted first of all the flecreaso in the number of 
wars* particularly since 1815; the abolition of serfdom which has 
freed man from the land; the inercjisLiig multiplication of state 
ollkes and of public functioiiarfes* obligator}' inilitaiy semce^ and 
parceling of the land. Intensive culture and employment of ma¬ 
chines have contributed to rural cxodits* cncmifaged in another way 
by intense induslriat development, mad© possible by tho iiitroduc- 
lion of water power and the emplaj'ment of ©team. It is in England 
anti Germany, the two miist industrial countries of Europo, that the 
numhi^r and the population nf urban communities have made the 
most pmgtioss m the last quarter of a centufy* Nearly one-fourth 
of the populaiion of German}’ lives m dtios <jf m<m than 20,000 
inhabitants. Ilie Kingdom of Saxony and Rhenish Prussia are 
great centers of growth anti attraction far the Empire, ilanufao 
tures concenirate the populationj neverthelm tho high cost of \ivh^ 
in cities^ the ease and quickness of communications, and th© recent 
employment of water power commciicos to work to the contrary. 
Trail©, like manufacturea, concentrates popiiUtien; the tTmrket helps 
to keep the w'orknmn in ihe city, and all cemmorcial urganizatinna 
arw t^stahlislied in great ceiitera. You may say that theao am 
ileveloptiil through iho rcquifisments of trades. Bosirlee, confi- 
mendal needs attract manufactures, and the latter often rhang<'s 
with the piipt Of simply with the market* It is for tliis reason that 
ports become more aiui mom industrial citiaa. 

It is chiefl}'^ thrtmgh migrations that eitios are fleveloi^etk Acc<>rtt- 
ing to aM. Lovasaoiir, the attracuve force of human groups is in gen- 

< I JHfnn. TSff sra^ila tf isftci lato mv auij \mwfiM of aad 
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6riJ pp>portionAte i,o tho niAss, This oxploitta why som« 
nurabor nulliona. 

Imnugratuin t,i> dtica is seasoiud, Sfl in the case of houso builders, 
though moro often it is pomifment, with thft intention of staying for 
It considorAblo poriocl, but rotHtniog tho hope of rotum to the piodf^t 
ph»vincial countn’^. As a goneml rule, the atlrartion toward the 
city is uiTersoly proportional to the distance and to the comparative 
ense of the home life of the emigrants. According to hf. Paul 
Meuriot, the attrai'tiTO force of Paris is exertei I chiefly' over a radius 
of about 250 Idlometon. In Ijondon the proptirtion of inhaldtants 
furnished by each region or county is also naturally inverse to their 
distaneo from the metropolis. The immigration to Berlin is mostly 
Fnij^iaii. In France tho provinda] centers become more and more 
important and divert- to thoir profit a piui of the emigratien in their 
region, but the superior forces of ailministrative centralization 
favor and ilevetop the oxorlus toa'anl the capital.' 

Emigrants tend to group themselves. Tlmse groups are chiefly 
by prufesdons in tho Provinces; but they aro by nationalities in 
the great cosmopolitan cities, such as Xow York, whore there is a 
Jewish quarter, an Italian quarter, a Chinese quarter. Sedotios for 
recreation or for benevolent purposes are organizeil among omigranta 
of the same section or tho same nationality. 

M. P. Meuriot has stated that fomierly the name ‘*city ** was liased 
loss on the number of inhabitants than on the leading features and 
tho speciat ailvantages of the communities, In France, In England, 
and in Germany tho title "dty” is chiefly reserved for those groups 
whicli have had a particular political position. On the other hand, 
evei^' community called rural is tiot necessarily agiicultutal, but is 
suppoKed somedmos byrnanufactures. Inversely, the great markets 
are only agricultural communities. Kura! grouping is characterized 
chiefly hy a unifornuty in methoils of Jiving, while the rule of dty 
grouping is the divemity of life. 

(e) Exterior tiRxaacrzn or Cm as. 

The gmuth of cities has Unit of all caused the lUsappoarance of 
the wails which formerly surrounded nearly all of them. Their 
rural aspect lias disappeared, neiwitlistanding the frequent pTos» 
enoe of vacant land within their limits. Tho prosonce of factories 

*ieii)mMt«riiatl«*IvP(a»Ugoafcttlaj LaiUtin{tlRU,4SpN'iiMt; Vj«as>{lW],'l4.7|ai««iK; SerUn 
<Ut(KI,4lpnrfcot; SL r«tfinl>aiE{jaiOj, ILT pitiwti Puti (JSl),aa.l pa-Enit. C««l|ar« A. F. Webs, 
Thm £Hiwli] the rIlLb Id the DlDcCMiLh uclairj. A xtnJr Id wnil itiry ^rtlpb UBflL 

m, LbQ twoliAdi]^ 4 Didltirfqr trf ParialimL tim miivt dp|¥irtraiaiti of Lha emtenntj vrm. Id 

HStTlir SciuMiCrMfLnip, fiord^ ai/SQ; filanw, Al^OUf lanm^ 

Aipia^ ChcTp CkvEvlb a*4fl4-fi-lAfeiip ■.'^1*4 Anriw, L-^tahlilhKgnl. 
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lui 3 ? been the principal enlist' for the cre^aikm of outskirtg and suburbs 
uf an oxteti^ive cliaTarUir, Density of popular ion is ^nerally 
greatorin the center tlinii on the outskirts, hut ns the dwdlitigs and 
the lands are mure valuable there, an invei^ws movement has begun, 
encouragech too, by hygiene, for the air is better nt the boiintiaiy 
than at the eit)" center. 

The tliiection of extension depends chieHy on geographic 
econonik' conditions, and cities spread out mueii more rapidly 
when these conditions arc favorable, Bound hetween natural 
insurmountable obstacles* the seti or riverSj cities push 
as in New York/ where one se&i buildings erected ironi SO to 40 
stories liigli. But if there are m constrabUs for looking in any 
other diroction for space needled lor their development the advance 
is [vrcvferably towanl the west* The prevailing direction of winds 
from the west, tlrlvmg back unhealthy odors toward the oasL^ render 
westerly sections mot^ healthy. Parb and London odor esampli's 
ijf tills phenomonoa. The public square b no longer the stage for 
enacting the leading scenes of public life; its r6le ia to reUeve 
monotony^ to pro’fcdde more air and light. The market aquiire 
fitiU exists* but it tends more aod more to be replaced by d<ised 
marketju. Tliey are hardly anything else m the south of Eurcjpe, 
especially in Italy, where the squares still conform to the old typo- 
According to if. C, SittCr expeiienco shows tliat- the mbumum dmien- 
Kion of u piibliis square should be equal to the heighit and ils maxi- 
miixii should not excec<l double the height of the principal edifice* 
but there muut equally be taken ihlo account the vridth of the 
atijoining Btrects," 

TUE irmEET. 

Streets are aometimes so narrow aod lateral, roads ao few, that 
the way becomes a closed place* very agreeable to the esthetic eye* 
Their winding constantly shuts out the perspective, and at efveh 
inatant presenta a new tiomon. The straight street prevails to-day* 
particularly in new' cities, such m thCKse in America, where the strocta 
cross at right angles, ao as to form a regular draught board* The 
effect produced depends on iho proper proportion between the 
width of the street and the height of the buildings, and aL^o on the 
architectuTo of the struciurest, 

OFXh' ArAClGA AXP OOASR pf^OTA. 

Hygiene is More and more oeenpyiDg the attention of mnnick 
pidlties of large citica. One notea that in Park, for example* the 
mortality from tuberculosis diminkhas in proportion to the extent 

■ OiRspBi« Fkm Ckrpit, VOIh «l ietSm oidAHckIim. Kvnm da FrlbaiiTE, lljui^h^A|id]H IQOA 

>(CkinUlA SIUb, da lAUf lu vIUhl tikMiiUiii] mHA idiptaJicai far C. Mulini, OnoEn. iAmiVi 
drt Ttlki. 4# Fnura, IW. K. Eabdi, L'catnUi^Ei* b fUL nifH 

ffaiqualii^ inL 
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of open Bpae«t, Thft eoeffieient ’i-uriee from 1114 per ! 0.000 in tiie 
quirtera to 11 per 10,000 new I he Champa ElysiSes. That 
b vhy the Englkh nail the parka 'Hhe lungs of London.” * A park 
tliat is large enough ia a reservoir of pure air, and the trees that 
enecimpaaa and jirotect it farm a very efficient natural filter in stop¬ 
ping the clouds of dust from the streets and rendering healthy the 
ambient air. While London lias 200 parks or squares, 'a'hose total 
area is 7.52 hwtares (I,S59 aercs), and Berlin 20 parks of 554 hee- 
tanes (1,308 acres), Paris has 40 parks of only 263 hectares (040 
acres). This is not enough, though jictive steps are being wisely 
taken to iricrefise the extent of the parks, and with that eiul in view 
it is proposed to r^rve tlie spacB now covered by llie fortifications. 

Tlie movement in favor of open spaces and for plant gixiwtli in the 
cities is manifeat in England ajul the United States ui very extensive 
work for laborers’ gardens and in the creation of public'gardem, a 
work which an association lias planned to promote in Prance.’ 


imiLiS OKCULATIQK. 


If. E. H^ard, in his Etudes sur les transportations de Paris, 
ingeniouBly distinguishes six kinds of circulation: The househotil 
ciretdation, the profeasicirnJ circulation flowing at the houia of 
opening and closing of offices and shops, the economio cirenUtion, 
the fashionable circulation, the iioliJay circulation, and the popular 
circulation. You might also add the tourist cireulatton. These 
BGveral kinds of circulation present as a whole a series of prohlema 
which, acoortling to M. i!o Fovilie, constitute "the mechatiks of 
crowds.” The encumbering of certain streets goes so far as to 
oiwtruct and congest traffic. In Paris, for example, the ser^dees 
rendered by | Jie general transportation companies, exclusive of car¬ 
riages and long dbUnee railways, but including suburban servico 


I Ubttm A I^UiL Lii Hiufa iriiKlA]. |g0i^ 

■ fl. Jjn CSt^B-Tiirdtoi. TCavuq tpirttuUmnla da kigWj^, 1908^ CK 

Im RerUa Intaunkwata^ OrtqbfiTp nm+ Daudlia, La MaiMn BUBJUaEH 

twniQirciit. 0«nen„19QtL tfagCLtggJaidlrada FmiWtlmlerItiAim toappty to 

lalwt prtdftpiai □! tUTK^koD- ta ftrtit mrM UuluftiioJ ^Ibs^ In dai'fcitrp dly iiTHtaihi at 
IpntoGti, fcBi3 la Wwwnftpt Hid crtnlraa nf ettj pirfBiii. in Ih* tactaj^ in iba 

my, m Um Qndda, Ithu iHtadallnii ■aalea Uf tnCraliin U* mam Itnliti j «id titaoxuitar. Wa 

K»k tfi cffetiEd ¥hi>d£;| uliJra fx TtUikijB bt ft| I tliiilr pom wtmD tbat li puHbK W* amk to tUsvri«>n kM 
LtiilltiiCiuu wLlrft nnatfaip tUa acsru miifciMI i&eiJ tnwe offlculHtL Wa tgr ik 4 «Iap Lubl ti wLk-L tI hiIi 

liw ph5*lq»aflil ewriMBL tUi mam bctfriUJiia and 

hfcattikir. For tltla par pew wu bara ooBtribwiad la th< forniiitlDa aicilj gtnhoi, ta tba 
nmUam In tri Iha raQwn.tki;ihi xm^l aTlar jUaa of o^w^mta tn U^m ritlw^ 0 ,^^ ooa 

ensmlqula flf tliaa Uut raolt ba a vorkilwp ^ Hw *j£Utlr™ ot wlsdsrwg to oUaw tbe lOr tl» 
U«tiE. ud iMvm toantET UamuirfiiM t Um day, Uvw ona^inuu rf Ltnallaal |l wbuJd ham on 
(Qllb»T»f tbalf wark tia4Bai2mtse*lj aiyaiW wbtn thaycooid InH tlPpI wlth«itriit 

^ nsidia erf af a bu«ib cf 

V^blwy n traea, V aI a park in svwM iimrtva ol Uh dly. Tta wt^tolwp ^il Ujttted.tUtdtj wIt^ 
P y di M ■paaat, »i 3 fU 3 d 1 » bottw thte tlwa tbe BaiUl^iInnti wilh liutr upaoalra tfnlnvnt la aimbat 
tubmolalL Tho Aaaociatlaa Of dly Oudmu W cnalM th* iOiiaE osfvU^ wiilrli eraluitoady 

*11 inqolrfcrt and fiiw odylrt to aU wim ta btitor Lha liMdJHojM d life in t*r d[^ O’to 
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at intervals of about 25 years, are shown by the follow-ini' figur^, 
cocraspoDdinf to tbs number of passengers carried, expressed la 
millions: 
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Tliougb tJw moTonienl of paBHuiigvra Lnereased in such a strong 
pruportioii, this was not only because of bicrcasi' In population, but 
tiiso because ono bccomps more and more in the iiabit of resort 
to a means of transport to save tune in reachuig a plac^^ *^Time is 
money,’' In I84B a Parisian used the existing lines 44 times during 
the year; in 1875, 78 times; in 1004, 250 times. M. Jenkina showed 
tlie British Association that in 1867 each inhabitant of Ijondon made 
an average of otilv 23 trips on the city Ihics, whereaa the coniRspond' 
ing figure was 55'in ISSO, 92 in 1800, 126 in 1900, 129 in 1901. The 
same author has shown sinnlar averages in Xew York to have been 
47, 118, 182, 233, and 320 for the yearn 1860, 1870, 1S80, ipo, nntl 
1900, A few years ago Sew York had transportation facilUifis capa¬ 
ble of moving only 1,200 millions of passengers, whfie to-day the 
capacity ia 2,000 millions. 

To remedy ibis oondition it is proposed to construct elevated side* 
walks or subways at the street cn>asings. Under various methods 
what is being sought is movement at several elevations. In I/)ndon 
the suhwaya have two or three tunnels superposed. The met ropolit an 
roads of Paris and Berlin, the elevated roads of New York, and the 
subways of Boston are an application of this method. Oft the streets 
animal traction is being replaced more and more by electric traction 
for tramways and automobile traction for single veWelea. Ia Paris 
from 1897 to 1907 the number of horses decreased from 92,028 to 
83,458. City railways an* more and more extending their zone of 
radiation, and in the United States, for example, liavo already com¬ 
menced to engage in freight Bcrvice, 

The very high cost of undciground railroads and in a less degree 
of street railways have led to the employnieni of automobile traction 
for single vehicles. It was only in 1905 that the autobus appeared in 
the stieeta of Ijoadun. The autobus, though leas orpenaive to es¬ 
tablish than street railways, cosily replai^able and with route change¬ 
able at will, besides mudi foster than the horse omnibus, yet It is, 
ncverthcleas, not free from inconveniences. The ixist of management 
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of autobus serrico is great-or thaa for electric tram ways, and tiiare m 
the nois4', tiu' odotp and tbp danger from firo umi accidents. But tbfl 
autobus is a now mpthtni* tlictcfow su&ccpUbk uf technical improvfs 
merits, artel has been callcel to take a pkco by the side of tbo street 
railway hi replacing the horee cam, a dcarar atid slower method. 

(?f> CiTT Vital Statibtics, 

As a general rule, city population grows faster lUan the habitable 
territory, resulling at once in an overcrowding, particularly in Iho 
workmen's <|uartem. Paris has SG,CK>0 dwellings with on average of 
3(* to 33 pi^mons per houses wliile in Ijondon this average k only from 
6 to 7** The number of dwellings tends to be exhausted, w'hile the 
lodgers increase. In 1806 the density of popuiation was 326 persons 
per hectare (2471 acres] in Paris, 260 in Berlin, 140 in St. Petersburg, 
136 in lA^ndon, and SS in Vienna^ 

Overcrowding is always a sign of poor hygienic conditions, Tbo 
atmosphere is more vitiated j the townsman Uves much more induors, 
likewise the city mortality k greater than mortiiUty in the country. 
Wliat chiefly affects cities h the proportion of deutlis tcsulting from 
infectious disease^ infant mortality, and stlllbirilis. 

11 legit imnto births and suicides are also mom frequent among city 
dwellemi crime is greater, especially crimes against propertyj resulting 
from misery andatronger and more numerous temptations. 

Through inimigratiun^ cities have a greater number of adults, hence 
a greater frequency of marriages and divorces. This k so in cities 
that are nmde up in great part of a fore^ element* In Geneva, Btle, 
and Zurich foreigners number more than a third of the total popula¬ 
tion; Paris 75 per thousand,^ Vienna 22 per thousand, and Berlin 11 
per thousand. 

i'ilies are, on the other hand, centers of gmwth for demckcratic and 
socialistic ideas; politics is more advanced. The admixture of the 
people is an obstacle to the survival of particular languages and 
dialects. By the force uf things, ll. P, Meuriot says, ciUt's help to 
unify the language, as they also contribute to alter it> 

Finally^ cities form important centers of consumption. Tlieir influx 
cnee 15 cjcertcd over the surrouuding regions that are given up to 
market gardening and raising of fruity to the rearing of cattle for 
providing milk. Their budgets increase and io order to reduce the 
fiscal charges of their taxpayers, some cities have municipali^d their 
industrial services, gas, water, electricity, rail ways. 


la.CfldouiL, r^, BetWet-Lmmalt, im. 




THE SINAI PROBLEMS 


By Ptuf. Dr. E. ObU{lir)iH.ii|. 


[With a pldics.] 


Few unsettled questions in Biblical geography Kato been so vari" 
oualy answered «nd aroused such lively cliscusaiona as- that of the 
actual site of Mount Sinai. True, tradtllon had seemingly long ago 
solved this problem to its own satisfaction, for mneo the days of the 
first Oiristian anchorites (550 A. D.), whose iifo in the rock desert of 
the Sinaitic peninsula George Ebera depicted in such a vivid manner 
in ius “Homo Sum," the ctyatallmfl mountain range which fills out 
the southern part of the [leninsula, forming a section of the Arabic- 
North African tableland, between the Gulfs of Sues and -Akaba, haa 
been con&]dcrc<l as the dtrelling place of the Israelites after the exodus 
from Egypt. 

•Hius the oldest cartograpluc representation which we have of this 
r^on, the “Tabula Teutingeriana," a road map of tiio Roman Em¬ 
pire, begins with tliis viewpoint, Tho remarkable illustration here 
presented <pl. ]) uiunistukably delineates in outline, including the 
two Inlols or bays at the end, the Sinaitic peninsula containing n 
mouniaiii inscribed J/ons above which appear the words “ J^ftc 
Itffem tt€^.ptrunt in vumte nyna’* (here they received the law on 
Mount Sinai}, and farther above wo read ** De^iertiim juadro^nfa 
ottnis rmtwruwf/hi iartirf diianle ihijsf" (the desert where the 
children of Israel wandered 40 years, led by Moses). Tliese words 
obviously do not belong to the original draft of the road map, which 
was basetl ujwin .rigrippa's map of the Roman Empire in tho time of 
Au^tus, but MO, Ike the words " Mom diveti," near derusalem, a 
Hmstian addition of the fourth cenluiy.’ But that the localizing of 
Sinai on tho peninsula was (hen consideriKl estabUalical is shown by 
tho oldest pU^m literature, such as tho Pilgrim of Bordeaux (A. D, 
353) and the llinerarium of Silvia.* 


iTtottoUKl Vr periDtaioii, rraiB SaMita^ Von IVut Uf. B. Obcrtmuuwr. milEltiUUNi liar 
ir.K.OMtniphiRbeD<i«p«II»t>tiafttoWaa,tbL34,iril, W|«ti,pp,im-«4I. 

Etetr^ {P<HU]^ im\ p-. iQf. 

» Tlw ^tiir JtflWTMj hu b«Ei 4iKW¥Tntl mailjr b m Itaikn ramuKr^t md wmi ht tlw 

OMftdhon COuELUfTliil, M^mwrnay Ki Sttria irf AipiltuiM^nb^at A. &, 330), Hmrv, th? lul 
Of R. MtJaWfp If^ltubcbcff IfujKiQi d4 shdi Iq pron Lint LM ituEhoc web tl» Abibm AOLhacifiL oS 

llB b^tlEuHttg ef ilxLh {KDtwr, Tl» M efUlpa edJLtan erf Lb«e imil i\» oOwf ftia, 

hH been flvfin by fHyw, ItiMpui Hkne^rmlDtiiA. Vfctmft wm. X npf^t cJ iSILYtoo 
nfi^luLki^* hm 6l» tm wMdm bj E. A- B^l4^ ifiOt 
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height (2,060 metere—6.7S0 feet) from tho otiaia of Fimn,' iiehiJ' iha 
west lM>rc]er of the niotinl^tii rsnge. Enuneot inveatigutom, such as 
the Elgj"ptologists Hichnnl Lepsiua * * snii George Ebera,* followed him 
in this view nod attempted io prove that the earliest Christian 
triidilioti lissignisl the event to Jebel Serbdl imd that it was only 
because of the fouiuling of tho monHsterj' by .Tustinian that the 
tradition w*«s chatiipHl to Jelwl MfiaA. Tho majority of invtssligalora 
lield to tlic tradition which httd provailifd through the centuries and 
sharply opposed the new- hypothesis. Karl Ritter' in his work suuta 
up uU the knowledge and investigatiems on tins subject down to 15J4S; 
it is tho mowt comprehenslvodescription of tho Sinaitic Peninsuln and 
is ntit vet superseded by any siniilax work, and especially Konstantin 
Tiscbeniiorf.* Bui the war cry, “Hero Serbiil, hero Jebol MfIsA," is 
not yet silenee«L 

M these investigators started from the seemingly selfnissumed 
prosuniptiun that the route of the Israelites from the "Rod fka," 
that Is, from the north end of tho Gulf of Sues, lod through the 
mountain range to which inodoro geography, itf agrecnicnt with tra¬ 
dition, gave the name of Sinai; the native population dosignates it 
sun ply ei-Tur ("The mountain,’' comparo Taurus). But opposed 
to tbift assumption there has been of late asserting itself, with con¬ 
stantly increasing force, the view* that the stage oJf events doscribetl 
in tho Book of Ebcodus w^as not at all un the Sinaltic Poninaula, but is 
to bo sought fast of the valley called a1 Amba, which connects the 
Akaha-br^e with the Jordan doproasion. With this view another 
assumptiim gains in importance, namely, that tho Sutai of tho Bible 
must have hocn a wfesno. In contrast to the old explanations which 
oompiuvd the phenomena described in the Book of Exodus, with a 
heavy thundeistorm, such as do indeed aamctiints occur in the water¬ 
less Sinaitic Peninsula, tho unmistokablo similarity of thtso deacri]j- 
tions with a volcanic eruption was now pointed out. The first to 
present tills new* view was the English geographer Charles Beke, who 
had rendered much service in tho exploration of Africa* In a special 
monograph^ and in a communicatifm to the “Athenseum”* he gave 
expression to tho view that the occurrences related iu the Bible must 
have been of a. volcanic nature, and at the same time called attenliau 
to the volcanic regions of northwestern Arabia, especially to ilie 
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Harrat m-jYnr,* tiorUimi of Medina (26*, 30' N., SO* E,?* which Traa 
stil] active in hktoric timed. Beke himself in advanced age unclertook 
a trip to the Orient in order to solve this question. Prompted * hr a 
remark in the tvork of Irby and Mangles,* vrho believed they had Founit 
Tolcanir peaks northeast of iVk&ba, ho turned his attention to the 
mountain which towers above the northern point of I ho Gulf of 
Akaba in the east and Ijelioved that he had found the true Sinai in 
Jetiel Bilghir, 1,600 meters (5,2.’i0 feet) high, supposedly alio ea]]cH[ 
Jebel eii-XOf (“Motmtain of five to six hours dLstant from 

Akabo.* I'lis companion, Milne, who afterwards beoume famous as 
an uivostigatorof eiinliqutUcea, ascended the mountain anti Bcke had 
the disappointment to learn that it Wiis not a volcano, but was of 
granite formation. But instead of drawing from this the conclusion 
that Sinai must be sought elsewhere, Bcke held firmly to his looaUza- 
tion and gave up his volcano theory. “I was thoroughly mistaken 
about the volcanic character of (the true) Sinai/' ho wrote to his 
friend, R. Burton,* and in a similar way ho cjrprcssed hhnself in his 
interesting notea which, after his death, (July 31, 1874), wero pub- 
liabwi by his widow (unfortunately without a map).* But Ms other 
reasons atm for locohzmg Sinai near .iVkaba ivere ahvady shaken liy 
Burton.* lie agrees with Bcke in opposing the tradithma] Sinai, but 
thinks of the Desert of Phuran, north of llio Sinaitic Peninsula and 
refers to a paper by II. Grtltz,* who taktis liLj stand fur the Jebcl 
.^Vrajil en-Nabi (30* 20' N., 31“ 20' E.), 

The now almost foigotten ]>usition of the EngKsh gevigrapher and 
Biblical investigator B«ke on this question has been dwelt upon at 
some langiii, in order to establbh his priority in a problom upon 
which, through recent invcstigarioas, unexpected light has been shod, 
I poaa over the recent li terature on the Sinai tic Peninsula as sueh. It 
is recorilcd in my reports on the geography of the ancient world.* 
By the last one, which has been recently published,** f waa induced 
to try a clear review of Lho whole story. Only the changing views 


ISm btlow^p.eM. 

>S«.|e 4 ki^ Ld Ite Ai^nmn, mT 4 , jr, lU, 

* ia i, Ldf^m, 

'TbAmrnm liTO by BdceiiHQi, i* lUtrtati bntowj tlradf hu pointed mt, mioia a mliiindsv 

UBidlcif. (4 A Uuid. AJiMihrtFM, li, tp ud hii ^'Kirtp mm Aahh Pw^rwm^* 

tue riwiL lt» ikifthiMi ejKim nm Aksba boiftail W«kJ eUltln usd LIm mimhEiiq 

nartla uf It Jntml tUmtn- Bcka’i Jebel [iJ* gpcUul UnjEhlf J pheu bo lu Ite Wdt of BMUi. 

lOummiMl wlikh If ritoAlHl upoo e MU la wJskli ttm Wm^ leeidi tmn lbs Wihdl A Jluo 

|i t™, nmMMm bwb Lfi Ihi iiE«t <:ib| edltkc nf m* ami eyrten'* (IttSaj u 

127 , thB IkinlifvJAtJrjEii noth l 4 £lwiinbtaiti.Uaib 4 , Thii t»ik« n twk la snurte 

bUc^ tip timmjtb tJta ud iKkin h UuSm. i own turtmibi d^bmJiutkn at Lhl tJMfc 

TIm luHlatlildka, I^SQ. 

4 he^Dbc 4 VBlHtiriifEiMMAf^j^«pdalUJilhuCUi^^ ats 

iC>p.dt.aB4 ^ 

wi-want On jMdmihuu. ws', pj,. Jar^tda iuujt«tfaD of 
AiEliif in MdiU 1 Anl4« FttraHn p. liSL * 


* JftMbimli, tm, im. 




THE SIKAJ PHOBLBU-OBEKHTJMMBR. 


673 


About the site of the Biblical Smm are here to be followed uj). Iq 
this undertakiog it is obviously priestip])oeed that the Biblical acoount 
has at least in tho ge^igrnphicAl sonso a real background. The <)uesLioa 
of its historical ct-odibUity doea not concern me, Bernhard Stade ’ 
thought: "’RTjat we now read about it in the Book of Exodus is 
rt'ally an early myth disguised os history and tlierefore equipped with 
hiRtorical and gpi>graplucal tletaUs, To follow up the rtnito taken by 
tho Israelites is just as important as to investigate the one made by 
the Burgundians on their journey to King Etzel in the Nibolungen- 
snge.” Tho journey of the Burgundians to King Etzol is mythical, 
but tlie description of the ]>lacea along the Danube, whore Vienna 
emerges from the obscurity of long centuries as a flourUidng and fes¬ 
tive city, is real and tangible. Here, too, a remark of MoUke' on the 
a logo of tho corlicst Roman hiatoty holds good; "A naira tivo may be 
historically uni rue, and yet as regards the location perfect ly accurate.'^ 
From the Ada Sunotorum hundreds of o.xamplcs might be quoted. 

Nearly as hopeless as Stade, who doea not oven put tho question, 
"Whero wits Sinai located,” but rather "Where docs tho sacrod legend 
of tho Hebrews plaeo Sinai/' * * the famous Biblical critic Julius Wdl- 
hauseu* thus expresses himself: "We know not where Sinai was 
situated, and the Bible ia hardly in agreement concerning it. To 
dispute uIkiuL this question is charactcriatic of tho dilettanti.” At 
the samo time WcUhiiuscn, consideriug Exodus, Chapters II scq., in- 
clijies to the view that places Sinai in MidJan, Other data for tho 
various locations of Sinai ore given in an exeeUent treatise recently 
puhUshed, "Where was Mount Sinai located,” by K. Miketta,* who 
himself reverts to the tradiUoniU standpoint. 

The most recent phase of the Sinai question is hitrodnced through 
tho more and more prevoilhig recognition that wo have in Exodus, 
Chapter XLS, os also in other passages, the story of a great volcania 
eruption. After Beka, who first broached this h3'pDthesiB, had aban¬ 
doned it, Hermann Gunkel, tire Old Testament Oieologian and suc¬ 
cessor to Bernhard Stade at the ITiiiveraity of Giessen, independently 
pointed out in numerous passages of his writing the volcanic charac¬ 
ter of the phenomena.* In Exodus, Chapter XLX, we read: "A thick 
cloud was upon the mount; tho smoke thereof ascended as the smoke 
of a furnace; there were thunders and lightnings, and tho voice of 
tho trumpet oxcoeding loud; tho Ix^rd doscended upon the mountain 
in fire, and the whole mountain quaked greatlyIn another pas- 
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»ege ia reati thAt “tJis mount burned with firo’^ (DeuteronomVp IX, 
15) p and that the mount am burned with fire into the midat of heaven^ 
with darkness, clouds, and Ihiek darkness'^ (Deuteronomy* 
Furthermore, the Moses legend tails of a cloud (pillar) of smoke and 
fire which advanced through the laud, and in which Jehovah's glo¬ 
rious manifestation w^os beheld (Exodus, XllI^ 21)* The poetical 
recen&ions varv the same thoifoo in the form of prophecy j they tell 
of glowing emds; of the breath of Jehovaht which resembles a bunt¬ 
ing stream of sulphur^ of mountains which melt like wax^ etc* Tak¬ 
ing all this together^ it can not be doubted that observations of nature 
are bore the basis of the accountp and that the usual c:q)bJiaLion of 
the question that it was a thundenstorra is not conclusive, Sliiai must 
have been a volcano- Jtoscs led his people to a volcano, and in the 
terrible volcanic enj]ition the awful anci majestic manifest a lion of 
Jehovah was experienced* 

GLinkers treatitfo, which later on be suppkniented wdth the view 
that since theto were no volcanoes on the Sinai tic Pcmnsiila the Sinai 
of thfi Bible was to l>o sought for in tho volcanic rogioos of northwest 
jlnibift, received much approvalt especially from Eduanl Meyer,* who 
fiaj’s, “Gunkel hits recogniEcd that we have here the description of a 
volcanic eruption. It b true that there nevor was a volcano on the 
Sinai tie PeninEulft;, but that, as is well known, there were mimen>us 
volcanic regions (Harras) m western Arabia ; the entire Hauran ter¬ 
ritory* including Trachonitisp is made up of them, and numeix>us ex¬ 
tensive n arras are located in southcaat Midian, on tho road from 
Tobufc through Medina as far os Mecca. There is nothing to oppose 
the assumption ihat one or several of these volcanoes may have been 
still nctivo oven in historic timea;. One of them wee the authentic 
Sinai,Moyer reniarkB that alreiidy in 1872 the thought forced itself 
upon him that Sinai must have bean a volcano, but llmt he al^andoned 
ii because it did not then occur to him to seek Sinai outside of tJia 
Sinaitic Peninsula. The reoDgnition that the Sinai of the Jahvisi (tho 
Elohist calb the mount uin of God ^^lloreb '^) must have been Hituated 
in kiidianT Meyer ascribes (pp. 60p 67) to WeUhau'scn {see above). In 
conncctiori wdth Gunkora explanation of Sinai as a volcano^ Meyer 
ftssumoai that Jehovah was originally a volcanic fire gotl and that ho 
wNis indigenoua in Midioii. tie saya^ have often reeognizctl 

Jahve as a fire demon who in the darkness of night tnai>ifesto his ma¬ 
jesty. Tlie awful nature of the unapproachable fire god, who causes 
destnictlon to friend and foe, ia also hero (I Samuel, VI, 19) clearly 
recogniafiblt\ for ihstancts, in tlie story of the ark (p. 70f.)*” In con¬ 
nection with tins Mejer would also aacribe the t?ri|pn of the story of 
Soilotii and Gomorrah to the voleauic Harra.s of Arabia, 'tin Palestino 
it was Lhen transferred by the Israelites to the Doail Sea."' Thb vimv 
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would obviously cruato » new baak for an expLiniition of tho cataa- 
tropfao of Sodom, about which there developed, from the standpoint 
of natural scienoe, a controversy betw'ecn M, Blanckenhom * aii<l C. 
l>ienef *, But we can not here enter into that question. 

The view that the Bibhcal Sinai waa a volcano and should bo 
looked for in Mid tan tneanw'lule idso gained Aflherenta elsewhere. 
Thus the well-known oriontalkt ond Biblicid scholar, Prof. Paul 
Ilaupt, of Baltimore,* writes: "Mount Sinai can not be located on 
the Sinaitir Peninsula; it was a vok-ano in the land of hliilian. 
Mount Sinai, the sacred mountain of Jlidian, must have boon a 
volcano." He ecetns also to follow the view of Beke, Htnce he repeats 
hU mountain names, Jobel eti-Nfir and Jebel ai-Batghir (which 
have been prov«l to be erroneous), and looks for the volcano in the 
neaghborhooil of Akaka.* 

In his review of E. Meyer's book, "Die Tsracliteij," Gunkd* 
reiterates the question, "Should it not be possiblo for our geologists 
to discOTor the volcano ■R'hlch at that time must have bean m erup¬ 
tion?" nm pmblem seems now to have been solved through Prof. 
A. ilusU anrl his companion, tho geologist, L. Kober, At present 
wo have only a brief preliminary uptiee by Jiusil on this subjert.* 
"Thus wo left the valley of nickel attfl lurivwi at the wide plain 
of al-ilav, where we mode unexpectedly, on the 2d of July, toip, 
wbaL Li in my opinion the moat hupojliint discovery during this 
cx]i]oring tour, namely, that of the genuine Biblical Mount Sinai 
All our troubles were forgotten and we shoulil have liked much to 
bivestigate more thoroughly ‘thegmtlora of the Servants of Moses,' 
but our guide would under no condition allow ua to set foot upon 
the aarrod vnlcimo al-BecJr, and threatened to abandon ua at once 
if we did not continue our way eastward, Wo ha<l to yield, and I 
hoped that i\Jlah would enable us to attain to-morrow what vtnn 
imj)ossiblo tf>-day. Our route In I through tho midst of the Harra 
regions ur-Rha and aUAwSrez, so that we photographed pretty 
accurately nearly all tho extinet volcanoes." 

Acconling to the map appended to this preiimmaiy report tho 
volvjmo ilfda-l-Bedr k situated in latitude 27“ (2' north, longitude 
V east—that k, considerably farther aouth tbnn Sinai was 
looked for even by the advocates of the ^lulian liypothesis. AccoH- 
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Ing abo to the bripf accounts of L. Kobor, the companioa of Musii/ 
it b a recent volcanic Territory; “The volcanoes which have been 
tliscovcrofl in the rcfjion of HajTnt-al-Aw6rez belong to the inosi 
recent formations of geological importance. They form a sorira 
with a north^oiith course. Their basalt covers anti lots fill the 
shallow Wadis of the Nubian Banrlstcinea,” This statenieut is 
important boenuse it helps the iissumption aa to tho possibility of 
a volcanic eruption there in iiistoric litnea. As a matter of fort, 
such eruptions are attested^ if not for this region, yet for the volcanic 
territory of Medina situated farther south, ^tzen called atten« 
tion to this in 1810 and quottnl accounts of **oarth firea” in I2'12 
and 1252 from an Arabic work on tho history’ and topography of 
Medina (probably by Samhuclo).* Burckherdt/ following (he same 
eouice, discusses at great length a great volcunic oruption in 125B 
at Jebet Ohodj north of ^fnlina, which was so great (bat the fir® 
could be seen in Jambo and Mecca, and ever in Damascus the sun and 
moon were obscured by the smoke. MakriBi, the Egyptian ULstorian, 
also attested this eruption. K. Bitter, in his atQl unaiirpassed 
'‘Erdkunde von Arabien," rolloctefl all the material then accessible,^ 
as ho afeo corrcclly pcrocivetl the sttecc^ion (or course} of tlie volcanic 
formations along tho depresion of tho Rod Sea, though he expresses 
himself On the suhjetd in a now somewhat obso’lcte terminology: * 
“The volcanic elevation line from Medina to Aden and Tadjuira 
bca in the main direction of tho great earth cleft between .iVs-ia and 
Africa." 

The T^ion of this eruption seems to bo tho same as that which 
Vajrut in hk geographical lexicon, whkh is known as a main source 
of tho iVrabian geography, describes os Harrat-e.B'Nar, “the fire 
Ilarra.” * It is, “sctoitiing to IJimI, the samo which, under tho 
second Calif Ontar, was aJite, or at least in volcamc eruption. An 
identical one is recordefl from pre^lslamic times in the tale of Halid 
b. Siniiji, who is satrl to have extioguishec] its fire, Tt is especially 
remarkable oh being the only volcanic rygion of Arabia recorded as 
having eniptioiLs in hiatoric lirno" CLoth, p, 378). 

Considering nli this, the possibility must be admitted that in a 
mure remote periorl of historic times one of the volcanoea situates i 
farther north may also have bam in eruption. More detailed data 
on the ])Tcsent condition of the volcano llala-l-Bair and the proba- 
baity of tJieir being ronfirmixi in geologicaltv recent timre will Ire 
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learnetl froin the expeetwJ report of L. fvober, anil tho work on the 
Sinai problem in preparation by Musil wiJl certainly also furniRh 
hctt Infomiatlon. These pxibliratioos will not be foreBtiUJed here, 
but there will only be aialc^l what is already generally accessible, 
An elucidation of just this point seemed ileairable because tho full 
history and present stutiis of the Sinai problem is not only unknown 
to wider circles, but oven among those who axe occupying tlient- 
aelves with the question there seems to be uncertainty hs regards 
the priority of the several thoorieB, which is not to be wondeijed at 
considering tho remoteness of some of the statements. 

If Musil’s lociJkntion proves correct, to him will bo due tho credit 
of having found the answer to the question introdiicetl by Beko nnil 
Gunkcl concerning the tronsfemng of tho mountain of the promulga- 
tion of tho law from tho Sinaiiic peninsula to Arabia. The miporl- 
anco of this tlfoeoTcry can hardly bo overestimated. Infmite pains 
and Boumon have been spent in ascertaining the route of the Israolitas 
through tho Sinaitic peninsula, and thn hteruturo on that subject 
Would fill a small library. Jiow all this has been "spoken to the 
win els." The “Red Sea," after the miraculous crossing of which 
tho desert w'andering proper begme, is not longer the northern point 
of the Gulf of Suez, but that of the Gulf of Akaba. which tlio Israelites, 
arauming their sojourn in Egypt (which somo modem Biblical criti¬ 
cisms declare to ha unhLstoric), must have reached by tho shortest rou to 
north of tho peninauU. The search for tho stojipiug places on tho 
desert route moy now lie start e^l in Mid tan, until now a closed country. 
Thin may appear to some na inconvenient, but it is hanlly more so 
than DOrpfelds transferring of Ithaca to Loucus, which all of a 
sutlden undcmimed all atteniptis to prove tho stage of the Odyssee 
in all ito detaihi on n perfectly secure basis. Whether successfully, 
only tho futtjro will prove. In both cases there is encumbent on tJio 
dofontier of the now tlicory not only to furnish positive evideneo for 
hU view, but ako to explain how the fake localization and naming 
obtained cummey. In any case we stand as regards the Sinai prof>- 
Inm at tho beginning of n compieto revolution of nil tradiiinnnl views. 
A new goal, ono not eoaily reached, is now set before the travelera in 
scHmh uf Biblical places. 
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THK MUSIC OF PRIMlTJATi; PEOPLES AND THE BEGIX- 
JNINGS OF EUROPEAN IIUSIC.^ 


By Willy 


Morr than imvc have we heard lii this haJJ, by jiicnns of the phono¬ 
graph, iin or:ho of tlie soiimis whicli lo primitive peoples uio the 
height, of all jnusirnl beauty. To us it seems a stmtiye musir. Tbo 
npetidon of certain voty short motifs, nouily cxccuf orl nn<] profusely 
and weinlly ncreiitcd by cries, clapping of hantls. the droning, or 
strikuig of peicussioD instrunionta—all that gives expression to 
moods as foreign to us us tbough it came out of another world. Even 
educated musicians arc jicrpicxed by suclj acoustic plienomena. 
They can hardly perceive the diiference between ciuito distinct 
motifs. At the outset, however, we can hardly dbtinguiah between 
one negro anti anutlier, and it is a question of pereistenco tf we are 
to understand in ail their diversity tlio rdigioua songs, dances, and 
folk-songs of the lower and lowest pe(i])l«s. Of coumc a real undeiv 
standing f>f sensation will never ho possible. Two dilfcreut worlds 
are reflected in the lauKic of j>rimitivp jujopb^s and in oijr own, and 
each must have bail its own peculiar rhnracler for more than 
years. Lt^t us trj*, in Older to form mi atititbesis, to Iranskto from 
sound into sight. For aueb an experiment, the difTercatiation sug- 
gCHicd by lIomht»steI is vor>' important, lie propuswl to separate 
music into boriaonial and vertical muaic. lionzontal music ia the 
monotony of those exotic motifs compared to which ifae most insig¬ 
nificant of our intervals can signify so much. A single one of our 
*^*’P”j* ^ ^ precipice when wo think of ilio monotonous mttsic of 

primitive peoples, if wo compare the primeval Pan’s pipes and their 
thin tone with l.ho great richness and plastic power ^if our organ, 
we shall then have u classic example of the difference between hori¬ 
zontal and vertical, or, if 3’ou prefer, between Uic music of two end 
three < 1 imensions. The horizont al or two-dimetLHtoii music has become 
flo foreign to us that we must try* to biing it back to our hearing again. 
In thia is'C shall succeed quickest if we eouecritrate our minds on the 
manner f>f plaj'iog and the sound character of a group of instruments 
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whkli have Wome to us of secoDdary buportance, but tvhich to the 
primUive pei^ples ar« of iufiinto sigtdficance. Ttiesa «r© iho poraus- 
fiion mfitrumeEite, 

Wo might here extend our investigation from the aiiiclo of primitive 
peoples to the entire temtojy of livbig orientals. The Orient Ims 
done rarnarkflhle thinge in the invention of percussion instnimentai 
and it is astonishing how eapahle of modulatioD are even the drums 
and kettledrums that are m use in the Orient, They can crash like 
a fanfare or sound as dull and hollow as a dirge. The ruonotonoufl 
rattling of a pair of castanets, when correctly played, can suggest 
whole melodies. The ci-mhal and also the pong originated in the 
Orient^ There is no rfiarper contrt^st than the strong voluptuoiisnrsa 
of the cytnbiJ^ wliich so wdl accentuates the scirauotis moods (for 
example, the Venusherg scene in ^■Tannhauser**)| and the diiUj hol¬ 
low vibration of the gong. 

But we will confine ouredvesi to the primitive peopIc?s. A favorite 
ckgslfication recognizes two groups of percussion mslruments in the 
meager scores of those peoplest The percussion instruments propery 
end the rattles ami clappers. In the first group wo have three sub¬ 
divisions: (1) Stif:k$. which jaro struck on tlio ground, or against 
prunitjve sounding hoarder such as hollow treos, shields^ and the 
like; (2) suspended sound plates to strike ogabst; and (3) the great 
and most important group of the drums. 

In our folk music the percussion mstrumejits hold an imporlant 
place, to give a firm structure to the music. The drums, cymbals, 
imd kettledntms of our military and dance music compel the melodies 
to proceed in an orderly mannef; they mark the rhythm to m extent 
often almost comic to persons of fine aeiisibilities. Thus it happens 
that in many books^ on music the ]>eiTus3ion in$tmmonis are simply 
entered under the heading of ^^rhyihjmiCHj instruments/' a dcHlgita- 
tion in which, for example, the department of the German Museum 
at Munich, which isconcenied with themj acquiesces. 

Tlie effet't of music characteriseii by tho impretejitioiis perrnseion 
instniTnents is ummatakahle, A at rang rhythmied music helps 
vi-itli work ajid ^^lih play; if we may make use of a modern expre^on, 
it is *'SrhriitmarlieRrienste." It is iiseil effeirtivdj m mdivHties 
which requTTo regnlnriy recisiring movements of the hmly^ m marches, 
iji danecssj in special kinrU nf work, such aa tlireahing and hammering, 
or^ to choose a somewhat leas definite example, in the old-time 
spuming rooms. The output of power will be regulate^! through the 
rhytlvm. A cert ain common atmosjjhere, a mass spuit| wiQ be pro- 
ducwl wbich will retiet. on the uidividual. 

This purely rhjrthmical valuo uf the percij^ioii instrtiments is so 
higldy developed and dominant in the melotlieB of savage trihesL, 
that w e appear dreatiy to havo reached the cimter of alt archaic and 
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fulk music* B onlif occAsiuiiuily uimj iiiuiii cJuppu)g for ciuplissiisuig 
tile rhythm, wliilo they employ it systematically for tha dmic®. 
Working songs domiuato over u wido sphere of hunuui uctivllios. We 
need thiuk only of the boat songs, in which ths oam wo opemted 
precisely like n mueicul instrimuait. BfJeher has collected much 
valiiabio mutoriid in liia “Arheit uud Rhythmus," in regard to this. 

But ill such rhythmiciJ Ttdues the siguificiuice of percussion instru- 
ruejita to tlia savagea is by no aiomis exlmustod. Indeed, tho deapar 
wo tnmrcli the elouror U biKiomea that the whole of tho purwly rh>1ii- 
mieaJ music of this kind reproseiita a second and later stratum which 
we must remove if we wuuki rejich tlio autiml lieginnuiga of liunuui 
music. 

I have sliown Iiow tlie orientals ciui get expression out of the mere 
nuLsu of porcussion-inatrument music. So ilo we also, in tliat we con¬ 
stantly use our ketllcilrums in Hymphonies, for extitnple, not only as 
**_ purely rliythimcal instrument but as one capable of gyeat e.\pres- 
fliou, WTnm ive come to look closci- we Und that tlie .savages also 
knew very well tiie twofold charuetor of percnssioii iustnimonts and 
that they were Very much used. Even unmusical travelers have 
noticed what a variaty of pitch there is in the pereussion instrumonia 
of native peoples and j>articuiarly in druniB, They may be gigantic 
iuatfumcnls, whose aounding body is a single, hollowed-out tree 
trunk ami whoaa sound hole is merely a narrow slit; or small portable 
instmmenbi covered with skins and hidea, epproaobiiig the form yf 
our bass drums and kettlodrums. A hypnotic po wer, such is the uui- 
versHi opimoti, comes from aucli drum playing. Tho benumbing of the 
senses arises in part from the sound quality of the ribrating Liaiiru- 
mentB, and in part from tho peculiar method of ojcocution. The roll 
of tlio drum widch is us<«i bi our military music is jiot characteristic. 
.Much more so is the monutunoua auccessbn of similar strokes, wliich 
continue uticoasingiy until tlie oar is entirely lilhid tvilJi the somnia 
itntl the mind becomes confused. 

The ontlmdling effpct produced by the peculiar rhyttim, and the 
element III character of tho sound, explains the often repeated obser¬ 
vation that in tiie mystic festivals of siecret sorietira and m funeral 
ceremomes tho drums prove to ha the moat important means of 
expression. Often have w'o heard of the hmror caused by the ^aut 
drums of the Ashantis or on Tahiti, when they gave the sign for the 
beginmng of human sacrifice. Some drums are such sacred instru¬ 
ments that their mere sound scatters the unpririlegtjd, the women 
Olid children. Thus in Africa the drum is often a fetish to which the 
highest veneration is given. 

There is another group of tnstrumenta which equal the most vener¬ 
ated ^ma m mogical powet^the whirring inatruments. One of 
th.Ke mstrurnents, the WaMtfuftl, we have all swung in our childhood. 
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lu childnea'e pluy^ old traditions often kept alive^ a-tid so we may 
well consider whether ihe WuJdUuftl h not like\4^o hrought down to 
us from olden tinnis^ when ttiagie was the highest world pliilpsophy. 
The namo, ulonOf appears to indicate thal the s^ound of this simple 
iitstrutnent can cast a «peU over an entire forenti and tjds demoniac 
jrtJwerUie stiU hms ttMlaj among some savages. In their 

bu7^ng sound they hear the voice of a sujwjmatural Ixang. In New 
Zotklaitd whiirh^g inatr^imeiils w'ero used until recently for iveather 
magic and in Western New Cuimea ihey are indispci:isuble in the 
memony of circumcision and in the gaiheriiiii^s of men. "Through 
the whole of Australia," says ITowitt, ^4ho Walditu/tl is one of ilm 
most sacred and most myslcrioua of ohjeots which Is u«eil in relation 
to the simred cereutome^p Neither women nor eldUlren—I might 
even sayj in geueral, no uninitiated peromuii—dare it^ or they 

would bi^ threiiteiied with death. Novict^ are enjoined that in case 
they acquaint the w*omen and children with itj death will be their lot 
either through violence or in eonaequeiice of magics The reverent 
awe with winch the initiated regard one of these instruments, w^hen it 
is sent about to authenticate a iiieseage which calls them to a cere- 
momal gathering, is very striking/" 

We will introduce an iliustration here wiiicli has a jjsychological 
sigiuficance. Lena gives it in his '"Sketcla^ from We^t Afiiea" 
regarding the induence of toiu-toniH: 

I faring the daiiDc iit the men in An?huka eeveml yctinj* l^ecmine iU 

froTii the eauDd oJ tbLa iittfLrmunnt wid the wholo ejceitiiijr rtceno. Tbi^y rueheiJ 
denly out of ihtt cltcle, cut s^rgiuid la the Geld an all fnais Like onlxiuib, and begon to 
rave; enly witli dil^alty could tlwy be ovarpotvered and tEikoa away. But bw in 
the village, in the huEtible danecM of iho Ogiin^^a, thoto £9 pcmvely any end lo ibew 
orcTiFences; whereviTOiieleoked one of th«?fiG irnfartanaioe waa wrilMiigoa theg^Nimd^ 
anil the eld men and w^^tHea hod tiiuch lo do in order to bring them into their lmt». 

Wo are accustomed to fiiwl rhytlmi scmcwliaL of a atunidant and 
mspiratioup and the number of work songs also goes to c^tablbh such 
an opiiuou of it. But exomptca like those mentioned above show 
us that, besides the ulmiidating rhythm, there is also a paralyzing 
Koporifio one. The Ktiniulatlijg rhythm may be derived from any 
regular sound, even such mcaningl&ts noisca m handcUpping and 
the stamping of feet. For tho hypnotic rhythm, on the contrarj'^ tho 
quality of the tone and its mode of expression are of the ulmcst 
import Mcc. Tho stimulating rhythm belonge with a more derdoped 
melody, which b dthcr foreign to the hiqiiiotic rhythm or destroys 
it. We have m the former an art of ime^t in the latter the an of ^on^* 

In thinkiftg of the strong contrast l>etwem two kinds of 

music, no doubt can exist that they are derived froiu entirely different 
Btogea of dovelopnient; the question tdso arisesi as to which of the 
two kinds k tiio gldcr—tho stimulating muaic or that of hypootLc 
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rhythm—the ari of toupsi or that of tons. The fact done that in the 
art of tone the principle of the horizontal^ or two-<hinenpion, music 
is much more forcefully conveyed than in the art of tones, is suffident 
to load US to regard the hj-pnotic rhythm m older than iho Btimulat- 
ing rhythm, and here mto encounter the very tmjyortnnt considpraiion 
that magic and >vitc]icinft an* inextricably Imtitul up with all hyp¬ 
notic art, ' " 

The belie f in witchcraft in the oldest Jinowi> pliili'ist^liv’ of the 
WliJLt rtignilirofirp tlik Iteiief possesses in conn not ion with 
the primitive liwtory of mnsicj and uidce<i with afl an, we shaU 
consider iit the dose of the article. Hen* we are chiefly concerned 
wuh the fact, on wllieh siR'Hg must be laid, that in the music of 
primitive peoples irtuses of an eptwh of belief in mi^ie are stiJl 
cTerywhore recognized, most cofispicuousiy in weather magic, m lie 
mention 1^1 later, and almost os strongly in some uf the pror^tices of 
the medicine men. We must consider a stnlemeiit like that of 
U'oz on the efi'eet of tomtoms, if we would understaiifl the full 
signifleanee uf musii? in the early history' of medical seienre. Musical 
healing is w'iduly practiced among ravages, and there U ttninifold 
evidence that it is alsct occasion ally elTeciivo. We sltoiild not, 
houeier, compare the eiTect this music has on the colored meea 
with tliat which it has on us. I'^iLssbantn was not so far wiung 
when he warned us that in cenncctioii ivith certain old rTniedk*s 
that appear to us ttwlay enliroly i^mnig, we must first of all iinpiire 
into the diarocter of the ]K!nple tlukt oecoahraeti »mh pri'scripiiorui. 

The spirit of the mfisi primitive music of savages, here under 
consideration, when we separate the older friun the oldest, carries ns 
back to those early epochs in the Listnry of <’miir,atu)ii which were 
dominatod by belief in nuigic, and our first conclusion may bo stated 

follows: In the entirely unmelodic, purely element^ music, 
whose rhythm Ls arilcnJate, amt either not at dl mirfc (as with ihi* 
wind instruments) or entirely so (as that of drums), we recogniKu 
the fimt musical attempts of mankind. In this mtisic. which in ihe 
moin only confitses, the princiijle of the horisapiitaJ or two-ilimenflitni 
music K unqui^tionalily supported. 

One of the most fundamental characters of such an art, is that it 
does not develop melodic uLstrumeuts nearly sn nhundantly as 
jH-remssinn instruments. Any vaudeville theater con teach ns how 
clever muaicians 0041 make ]mrely noise instruments meJodic niso. 
We know the performance in wJiidi differently toned tthne glasses are 
mampuJated like a kcybfjard , tin* performance on a bel] by musical 
clowns, with merely a penholder to suggest melodics by short or long 
slmkes. Tenflendfs to anch arm we find hen* and there among 
primitive peoples, but they remain merely tendencies. Schauenbuig 
relates how a negro of Kujar miule his signal drum alm(«t spenk m 
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ho struck it witli hii luuid, and vajioualy modified tli€i sound 
by nil sorta of muffling mimcBuvera tvlth liia UfL TTitte hm tt^cvkiiy 
thorougMy investigfttcd the *'drum of tho Ewo tribe and 

rcpom-d on it k the ^^Authropoii" fWieu, L 910 , Heft I), Frumhia 
very dear statamentsj it presupposes a power of umleo^tiiiidiDg 
whose developmi'Ut does credit to the ear of prLautive peoples, but 
does not uitoIvo an appreciation of art. The pereussioii instrumerit 
most capable uf prtducing melody is the famous marimba of the 
KaOirs, a kind of ixylopbone made over boiloiv gourds as sounding 
btiards. I'lie metal wind inEtrumeuts remained enimdy undeveluped* 
They wore only of value forsi^als. Moreover, most of the so-called 
trumpets served principaUyp not to produce tone^ but only to iticrejura 
ijouiid; tiicy were to be shouted into like it speaking tube* Tho 
btriiigCil iustrumeuis stand on ti iiomew 4 iat liigher level tltough we 
hud forms sLuiilar to the hjir|j^ guitar^ and dthcr. 

Certainly all the stringed instruments are later Umn ihe ].ierc^u5- 
sion Lustrumeats, The fact has already been deraonstmtcti ihat none 
of tlic tiner melodic mstrunienls have any religious signilicauco. The 
only musical instrumeuts which by tradition or use are exceptions 
are the men's flutes of the Papuans of New Guinea {whose Iona wm 
regulated by a sliding rod); llm rain pipe uf the Basulust u kind of 
horn made out of bark by tbo Indians uf Kio dua Uau[)fa| one of the 
tributaries of the lUo Negro (women who obtain sight of it are ruth¬ 
lessly poisoned^; aird asliell trumpet used by thepriasts of the Fiji 
Ldauds in sacred proeessiatis* None of theso instruments, how^evof, 
in the manner in w'hich they are useci produce melody. All nielodically 
used inatrumejiiSj on tho contraiTt have neither xi magical nor particu¬ 
larly a reiigioijjg character. They are secular, which fact certainly 
indicates their late origin. 

It is necessary now to establish the origtu uf the ditTerent instru¬ 
ments. The most obviDus and formerly mast cunmionly accepU^d 
view was that primitive peoples had mdependently contrived tlie 
whole of their ortiiestrap and had perfected it from rude begmningu, 
Tlus supposition is, howeverj strongly shaken by more recent inves¬ 
tigations. Thufip it has been shown in the case of the moat btexesting 
melodic ULstrumcTita that they have not resulted through development, 
but are rather retrogressions from more perfect born^wed examples. 
The negro harjj bo&ats itn origui from the corresponding old Egyptian 
instniment; Uie pipes of tlie Kubus in Sumatra are the product of 
A avanese civilistation (Honibofltd); the marimba imitaLcs Ghinese and 
Indian predecessoTs (WaUoschek); and the lute came first to Africa 
with the Arabian invasion (Ankermanni. 

It is now in the highest degree imperative to observe in what 
direction the retrogression moves. The workmansliip becomea carv- 
less, the coutoura of the instruments are less idiarply defined, a poorer 
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nmierml Li iL^ed for und. in fihortp is ^howii 

toward all thoso aloiuf^iiLs which ihf^ meludie uiUiiic perception at. one 
time built up with the mo^t ptiinfiil exaetness. But thorc Ls one part 
uf the iostrumenU in which wc see not a retrogression but £t 

dear development, Tliat k thii ftotitiding board. Ail w ell-developed 
mu^ic colture regartU thk os ti mere sound Btreiigthener. Every fonti 
of r&soniiUir rqjresents an unlimited number of musical experinjents. 
Only the work anti the Imditions of many gonorations could dek-r- 
uiuie the form to be iinally aceepttHl, which k so important in iho 
matter of tune color. But thk fonu once sottkd upon the player 
need no longer trouble himself ubinit it. 

U is otherwise with ijriuutive pet>plefl. In Imndling the borrowed 
instrujiienU they were convinccil that the tiounding boartl produced 
li snund like that of the strings. Thk sound they thought could he 
made better by a transposition of tlie sounding part*#. Hence, they 
almost always reconstructed the sounding body so tliat it formed a 
lirum. Til playings thk drum k just as industriously usetl aa the 
strings (which explains also the quite ratlically dilFeront w av of liuhlmg 
the ijistniiuentjf so that the melody alw^ay's reverta again to pure 
rhythm. In a word, from a ivelUthought-out instrument of mcludy 
has been ev<dveci a somewhat inoro4!tjm]jJi€ttted percussion inatrumjent. 

Thk also goea to show' how yet untieveloped ore the niusicol ideaa 
of primitive pooplea under the ban of an idea which nlw'aya loses 
itself in the subtleties of the pure nidimcnts of ground. Wliat the 
consideration of rhythmics and of mstrumeuts teaches us w^Ui be cor- 
mboratctfl by the harmonloa and melodies of primitive peoples. 

Of course our chords were unknown U> those jieoples. Tlieir music 
except in a very' few' particular instances^ is altogether m unkon. 
Anti tills unison nuturaily does not arise from the fact that the women 
and children accompany the men an octave higher in the runndclftA's. 
Octaves con bis made a veiy expresaive meotia uf liarmotiy; us k 
shown iii the Wiirks of Chr* Sindiiig and also Puccini, But among 
priniitive peoples the octave b uoUiing niore than a strengthened 
single tune. 

The two following phenomena are nut quite m simple a matter as 
the parallel octaveg. The Berlin Phonogramtoarchiv, which k am- 
dueled by Dr. Abraham and von Ilonibostel, contains unequivocal 
exarnples of songs of primitive peoples which were sung In strict fifth 
intervals, and one can not disregard the fact that Leopold Mozart once 
heard street singers in Itah' sing tiicir little ditUea in fierfeet fifths. 
Such musical talent w^as not a bit liner than—indeed it was quite 
similai- to—what we observe in our viUage musichiiPi w hen they sing 
ill fifths, thouglip “unfortuimtely,” says Walhischek very justly, 
without knowing that they had done it or w^khing to do it/' Thus, 
w'e may conceive of the parallel fifths as well as the parallel octaves uf 
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priinilivcf pe<iplf^ fts notlJn^ tTn>r^ than a mor^ f Lilly ii'kjtnimt'ntiited 
unhum. 

But tliLa w fully oontradictcd by the last and moat interesting 
about which sOmetliing lias already been said in this article^ Mr^ 
Thurnwald, on lik laat expedition, recorded on a phonograph iieveriil 
sMjngs of the Admiralty Tslandehi, concerning wJikh, after careful 
an^d^'^abp von HorFd>03tel rotiiarkiid tliat all the dance aonga from 
Bidunn are twiwoieodj and eiiuvc In Hieei>ndaf asid usually close with 
tld-H Inten^al. Thiis^ aside fruni ucciLsioual unisons and qiiile Iso¬ 
lated eases of greater intervals^ dLiCords were exclusively uspiL 

Not entirely isolated ia this use of seconds^ in the dQijblp aetise of 
the wcaii. It ia abm found in Tstriiin folk songs, aiid^ furlherp idthougli 
coidiiicd indeed to a few examples^ ainmig the Siakua of East j-Vfrica 
and die Wolof of Senegambia. Franchiima Oafurius (Practica 
I^iuflicie, 1496) reported that in the Ambrosian fuiToral litanies in 
Milan among other inten’als are to ho foiiml ako passages in seconds. 

These new oliservatioiia must certainly he taken into consideraliunj^ 
and the}' force iia to restoi^ again an ali^eady liidNlLscardcil h}T>oth- 
erisfur die explanation of the aljove-nientioncil pasHages In fifths in 
the tone art of primitive peoples. TficorhsLHi Imve heen remiaded by 
tliem of tlie correspt}nding successiori of lifths in the Ot^annin of tlia 
Flemish nionk^ lluchahlj of \iduch we will tspoak again later. Tliia 
comparison, as well as dial of ron liombostel witii Francliiniia 
Gafurius^ b to he reflected upon, nie question resolves itself into 
lids: Con we pshnl to that whicli on the one lLan<l primitive peoples 
diew in dieir puraUels of fifdis and seconds, and which, on I ha other 
hand, the chiirdi shnw^ m tlieOigamim of Hucbald anti in die Milan- 
esc fnncral litanJiifS its a budding complexity of U>ne^, or must we not 
radier enucrivo of it tus a deterioratiDii^ os the unmeaniiig ciirtailiuenl 
of a harmony of tones rich In sense, wliieh is practiced outside the 
circle of inilueiica of primitive people.^, m of the churchy and by 
whom it was only borrowed and nusused 1 

I will nut anticipate, but I must indeed bring out here the fact that 
in the case of the church only the second Bupposidon, diat of a 
deterioration, is tenable. And it is not oUiccwiso in tlie case of the 
primitive peoples. Tlieir passing relation to Iiiglier musical develofi^ 
meiit is shown just as plainly in their parallel of fifdis and seconds 
Ets also in the quality of iheir finer melodic imtruineivta^ But, just 
as hopoleaslv as^ with tludr dull musie percept ion, the borroweii 
mstruments of finer quality were sacrificed in a gradual deterioration^ 
just so irretrievably were sacrifice^l tiie elements of harmony. They 
ma}' have taken over the elements Lu ilieir pure and oublc forms, but 
dicse foniui must necessarily have with them deteriorated into stich 
music b 1 hybrids as their parallel fifths and seconds. 

We will liOMT ptus^ to the eonrideratipn of the intm-aU which are 
characteristic of the mokic of really primitive peoples^ Earlier it was 
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die commciulv iu't-i*pted auppoailioil lllat tit Aral liirge inlen'ida 
(iictavfti, fifths, tiild fgurllta, ettpccinJly) recpiTcd most nttcntioo, 
lUiiJ timt bi»tw(M'ii these wide intervnlH snijilkT iind snmlJer Dfies 
were gradimJJy interpolji,t(‘d. This hypothesi!! is ethnoiogiculiy 
uiitcDsble. Ktlinoldgital obaerviilion siiows, on tht? coniniry, with 
wVttit emit ion the melodies of priniitive peoples niovo uptvan] anil 
ilownwiifd in tiie smuJIpfll ioterviils. If we would uiideratiiiid tht> 
oldest system of tones, we must hear son^ like those of the ^’eddaa 
in Ceylon, whJeli are sung almost wholly in seconds. Even smulier 
inlervaLs lire dLsLin|rmaJn>fl w'ith great certainty, thougli to our 
unhurnioiitc ear they no longer present- difTcretiees, 

That there are quarter tones you become piiinfiilly aTFiire in the 
cxis'utioii of every singiT wdio ainga olf the key, and every good 
violintiit deninibitratea it when in reaching uj> for C-ahiiirp he strikes 
soini'whnt liJgher than In* does when stidmg down for D*fUl, which 
on the piano U iiientical witJi it. The Arubiaiis make a dLstinetloii 
oven tfvday betw^een the anharmimie tones, so that their eUroinatip 
sciUe, iiistetid of 12 tones, eotitains 17, Since the phonograpii has 
alforded us exact measurement, we know that these finest dilTerencea 
are much iiiore clearly dlslingn^hable to the horizontal iiiusie per¬ 
ception thiiii to our vertical mu&ic perception. It is certain that 
quarter tones an- known among the Australians, the Alaori, and the 
inhiihitiints of NukahJwa. One feels great respect for the perception 
of ubsoluto jdteh among primitive peoples when one learns that in 
Samoa the ahirm drums of each hilaritl are tuned to a dilTercnt pitch, 
and that any of them can be identified by the neighbors of those 
striking the alarm. Such tielicacy of ear k witJi us not at all a Lruil 
of every muaiciaii, and it explains to us the fact that for the develop¬ 
ment of the most vuriod meloijtcs the range of a nitnor tliird was 
Huftident among primiti^'n jieoples. Karl Hagen describes incident- 
ally htiw in an Australian batth-soiig the smlden Iramtiiion to such 
a minor third gives an effect like the “overpowering exprrs&ifdn of 
imin ** 

The Mincopie in shp Andanmas may, aeeordinjf lit pimpnt infonna- 
tioji^ fltund iia the most porfM?t iti tliis priniitivi’^ nrt of prodm^iog 
mui^e. All tht?jr melodlf^ move around one tono from tlioy 

varyj to our ear, only a half tum? upward und a half tone do^rawtird. 
But both the minor ftL-ooiid^^ into wWeh mu^niioi Jiiiist cuud^nsi^ 
aJI his hloa^^ appear richer in life than we would ^uppo^. Pi:krtmann 
has made a more preeke stuijy of this musJe, ami he believes that 
transitions even 3u flight *ifl an eigiuli of a tone must be cotuddefed. 
Thijji there may be melodies here wliielt unr broader art perception 
payn no attention to. The monotonous up-aiid-<!nwn niDveinent 
of these sones ia rhytlunictdiy accompanied by hand clappings anti 
the sstriking of the pukuta^ a simple which lies on the grciujut 
and is pJayed with the heel. 
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Ji sfu^i-ms impoaaibki to find ioiyttiinif more primitive tliun aticli ^ 
tone artj wiiich compresses li brief motlT into the of u. second 

repeftted iiutiringly^ Yet the songH of the Atidnmtma tlieniijelYea 
ftre rather more music tbnn rhythm^ and as sudi they portray el 
higher stage of dei^elopiiienl. As the bulkroiirer^ die oldest nrifi 
most sacred instrumetiti had not yet nttnined a firm, definite, ttcU- 
iK^ijiideil loiiCp «o also the oldest, Shiunanjc-pnicliecd vocid iiiuaio 
cjoa liiive kiiowji at ftrsl only iiiilftfinito melodies. I Is curv'o ehoivn a 
regularly rising and falJiiig wave line, and not the step form of the 
later tnelod\% It wus n gliding of the voice, not a progression hy 
step^. For the magician who cxorcistrs the storm or the liimter 
iL'ho mutates the cry of a beast, the eighth tones of tlic Andainau 
music coiiBtituto a melody in siepa* 

Combiiuug all tif the foregoing, wc may formulate it briefly some¬ 
what lis follows: WTierever in the music iif primitive peoples targe 
intervals are founth mid a melody related to our own, we there have 
to clo with a Hceoudiiry condition, an eleiiient foreign tc} the oh 11 . 1 st 
of human music. Older iluin tlic large inten'als tire the am nil ones^ 
whicli llirougb a ive-llHlevelopcd feeling for rhyLinn w^ere anistically 
orderiHh Still older? however, than the feeling for distinct rhythm 
and for oil intervals h the leeliiig for gliding melody and finally f<U' 
lilt! pimple elements of sounds 

fn other words, the appttrenily quite simple lUid clemontiLn* inuotc 
of pri till live peoples showaj on closer mspection, a tlireefold otratifictt- 
tiou: ( 1 ) The music of the magician (developed in a preonimistic 
period); ( 2 ) music as rhythm (developed first in an already past 
epoch of aociol organir.atiozi; it may remain undecided wlicther hero 
we should with Walht&chek recall war songs luid Iiunting &onga, or 
with Bileher call to mind labor songa);; and music as melody 
(developed iiret in contact with paoploa in a higher stage of culture^ 
It IS neersaary new to exanune more dosely how these stniia mro 
separated and hovi' one fcilow'^ed U|>on the other. Tliis 1 $, however, 
imposaible unless wc fimi make it dear Imw iha moat primitive music 
rdated to the tone art uf audent Europe, from which our music 
liaa devdo[>ad. 

PitEHlSTORJU EUROPE.AN MUSIC. 

Fantaiuo riorratca in an occaaional poem how-, in walking through 
Cnpcnhagen, his attention was attracted to a placard with the heading, 
''Luren Komsert/^ lie aaiked liis compaiuuiis what Luren" nicanti 
aiLti it was explained to liini thus: 

Lar&ikf la dte dayi af ih.a Goroa^a aad 
OkLT NorUiljPiad Lniakp&td wore eoUad. 

Thiy were horoa jwvcu fwt long. 

Ttbtir sQuad hua a bmtb t'oll. 

The Lurea, kaig before Gtjrni tbi? t>M, 

Sott&iJcd DA'vjr moQ^ and beaih. 
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"Tjong bpfore Gorm the Old aa arehoologiata wa know that long 
hoforo tho tlays of tha Gotones and Getaa^—tlioae etrangn giant homa 
wore cast. They are recogruMiUo already in the northern Rronzo 
Age—more exactly in the second period fnccording to MonteUira); that 
U, in tho fourteenth or fifteenth centiity B. C. They are found in 
southern Sweden and Norway, Denmark, Schleawig-Holateiii, Mech- 
lenbuiTj, and rianovcr^ lands therefore, of the North-Gemian^Scsndi- 
niivia?] cidture circle, toward which Germanic pritnitiva lustory 
graTitates. With these luren the history of our fainUiar European 
music 

It is tndy with boautifii! and inspiring sounds that it thus begins. 
Tho luran can still be played upon to-day. Thoir sound is soft and 
fnll, having aomewhat the character of our old tromhones. Tlia 
deep, funncl-ehflfiod mouthpiece aiao correaponda to that of our 
trombones, wliile tho system of its tube, which is roniral tliroughout 
its length, correaponds to that of the modem French horn. Twelve 
tones, in three and ti half octaves, con be drawn from tho instrument 
wilh ease, and a clever performer can increase tho number to 22. 
It has been attempted to make exact costs of tho lurenj but this haft 
iMit aueccedoH. The inner surface of tho walls, which are only I to 
1 ..1 mm. llxick. we are unablo to make as smooth Sfl m the original 
instruments, and it is exactly this smeofhncsa whieii is required for 
the perfccl purity of the tone. 

But. we are not the only ones to whom this technology is unknown. 
Even in the time of tlie lureii; people it was not understood outside 
of the N'mih-German-Scandinavian culture circle. We have no such 
perfetd musical iiifllrtmients from any other region, bimce we can soy 
tliat a smgle tone from tJio tube of tJie luren, in its radiant purity, 
elbsolvcs into notliingness all tJiose fantastic pictures which reprisont 
to US tlifl German Nortldand as having Iteen the homo of a lialf-TiTld, 
barbaric people who, in ijieir cuUnre, did not admit of any compari- 
eon with tliose of tiie Souili and East. 

Ill 1802 some luroii were brought into use at a meeting of the 
Antiquarian Society of Copenhagen by a number of concert players. 
A report on this noteworthy session may be found in the Zeitschrift 
fQr EthnoJogie f«r ISfl'i. The admiration was greatpst w’lien the 
musicians wilhoul difficulty played some folk songs and niardies. 
rhifi "was posaddii on account of die large intervals of the luren, which 
are lu tlm natural key. With sucJi instniincnta at hand a rettirn 
would not Iw! mado to the monotony of a rigid horizontal music, 
Tims the luren fumisli us dear proof that already more than 3.000 
yearn ago Eurojje possessed Its charnctcristic music, and tliat on tllia 
music k based our present musical perceptinn, whidi is ao sharply 
ditferenLiatcd from that of primitive poopto^. 


690 AXSrAi, iLEponr smtthponiax ixsTiTunorr, ibl:. 

But thorn is alill aiwilJii'r conjoctiiro of murh doopiT ijn|Kirt irhirh 
Hrisfis through tho discuTary of tho hirott. Angu] Hainmorich first. 
proDCHiticad tho npinion in iho ''AlonioUg of tho AntiquitiDs of the 
North” that tho Juron-folk inight alroady luivo boon acquainted wdth 
a Wfltl-doTolopHxl two-voiced music, ■which comispoivdcd to our har¬ 
mony in uU ofiseiidul olemonts. It must be nmiorked tJutt tlio hiren 
performers ■w'oro aliruys ckijnotad in pairs; ns, for oxarupio, in tho 
llaile designs and the woll-kniiwiii tablet rd fhe civic monumtmt, in 
agreement wiili that, the luren thenia^tlvos are almost alwaya found 
in piiitB, They Jiro always similarly' sltaiiad and cturesptmd oxaetly 
mtt only in aiKe and ornamental dttcomtiott but are tuned exactly to 
the same pitch. The pesaihiUty arises from this that tho t’wo luren 
playem played in unison, but it is not clear why one would tiTsli to 
hoar the same notes from two players. There is a sirorig probability 
tiiat tho intervals of the two luren were the same. Our folk songs 
progress in thirds and eixiiis iauEnd together by fifths and ffiurths 
"Bi'hon they are auiig as duets. In this form also th<» luren perfurmera 
could play them perfectly woU. It is probable at least tltat tho luren 
people -wdro already familiar ^liih Iwo-roiced songs, and that our 
two-Yoiced hunting signjd already reatmnded in the tiemtan primoTa] 
fopiiat. Such a view boconnYt almost a certainly when we soe Imw 
the Idstonod knowledge of tlio primitive history of polyphoDy losida 
ita back again into the f.rerman Nortliland, and to the secular folk¬ 
songs found there. 

To a musirinn there is no need of proof that a ]>otiplo who Wl 
lurt^n must also Imve known of striiigicd instrumonta ef a well- 
developed kind. Tho oldest literary testimony rogajdbi.g imrthcm 
stringiod mstruments back only to ]:Kodorus, who dfsacribes 

tlie satirical songs and tho hymns of the Celts and tforiimns, wlio 
Ac^mpanied theinsiilvea n-ilh Jj-ro-Iiko instnimcnts. Throe Gallic 
coins of the time of Ca4(3Jir acquaint us with the form of these instru- 
ini’Jits. They comHXJond throughout with the oldrqt Greek stringed 
malrumonts. Fn>m a sounding beard a horn rises on the right and 
another on ihn loft, and the horns are Ijound together bv a ertusbar 
from which the strings oxtond to the sounding board. 

The northiini origin of 1^ instromont waa, mor«H.tveir, probable. 
Greece had not jawscswul instrurnonla vt this kind for a long time 
ohen that money Wits (mined, and it ia not to bo supposett tliat the 
Colts and Goramna busied ihemBoIvna niih cIoRsical antiquarian 
studios. There b an old tradiikiuil saying according to which the 
ancient Greek zither waa of Thracian origin. Direct tt^timony of a 
prnhtetoric land for the confirmation of iliia idea was deairahlo, tmd 
this we have n((W had idnco iStHl. Near ilaiz in Hungarv wore found 
the well-known black urns wdlh iigurod designs liUualratcd by 
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Ilornfla), mid Flt'iHchflr focugiiu^td on ono ipF thoiit a pJayor \rith £t 
fouF^trinjHid lyre vrhich corrosfKindod exactly with tho form on tho 
Gallic coins. 

Tho further dovoJopmotital histoiy of ihs nortliom lyia pJacos ua 
in tlio fortuilftto position of Ihiing; abJe to ntaho somo iiaAnrtinn rogard- 
ing the tuning of iliu stiinga. FloiscJier has liom alniady draivn the 
mwT^issftry' concluaioas- Tlio iioxt higher tyfi« nbovo tho Jlara fomi 
wo havo in tho colflbrntotl Lupfoniiorg find dating fnini about tho 
fourth to iJui goventh cantury of tho tTiristum ora and now in the 
Berlin ^ilusaum. Tlio matruraeiit is no longer throo-stringod, but 
six-stringed. This old German instrument is itself again tho ii nnntu 
inkablo link between tlio ifarz type and tho W(st Eurojaian chrotta, 
wliich wea already montiojuid by Venantius Fortunatus, and coniimu^d 
hi oxistonco in Iroland, Waloa, and Brittany until the beginning of 
tho mnotoenth ctimuty. Tho tliick strings iif tho chrotta ate tune*! 
to tho fimdariuuiiaJ tone, the fourth, and tJte fifth of a lower mifl the 
next higher octave. In tho soven'^tringfid infitrutiienta iho Inst 
string repeats the fundamental tone liigher up. On account of the 
enduring puraLstmeo td folk customs there fan be no doubt that 
lli0 three fir four strings of the oldf^t northern Kldiera wore tiiTied 
in tho saiiio way. It is to Ixj observodj funfier, according to Boethius, 
that tho oldost Grook Kithers were likewiso tuned to the fundamontal 
to nil, fourth, fifth, and octave. They nro the constant, unchanging 
intorvals of the entire European music syatera. 

Tho lurcii and lyres indicate such a dJstiiu-t and piirposefuJ music 
that one ran bcheve tliat tho iliacorery of the crudest nutation must 
hare insured for it the highest and f|uii'kest devpIopTiieut. But it 
did not roai'h this ilevxiopmcnt until very late. An ent irely stognant 
and musicuiJy sterile century intervenes between that first epoch of 
the foundation and that other One of the rlevelopment. In Ihta 
perifsl tho development of the vertical EiirO}>eBn music wna inter¬ 
rupted by Eomething which in Us kind was rcniarkably similnr to 
certain musical developments of tho South and iiiiist, namely, tho 
old church mnsie. 

X THE >fUSI<iAL SEJTTIsreST OF EAIif.y EUROPEAN UHRISTIANITY. 

The worda "church music” have for tw to-day a vciy liniiilifiil soimil. 
W e think of Palestrina or of Bach and the hlmdrod-voicetl ehoim and 
organ music. All aiiTgo together in a mighty iinri majestic harmony, 
a wonritirrully sublime music, which at the sound of the church bell 
dominates wide stretches of coimtiy. That so much beauty con hi not 
come to 113 ful]3^ complete is clear without further e.xpJanatioQ. The 
foundations of tho whole we owe to the church. We are remithled 
hero of on old and quaint misconception. Gustav Frey tag gives the 
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best expression to tliis when, in hia “Pictures of the Gorman Past" he 
mut>f!S on how snlemnlj the first helLi must have soimded in the 
Gorman primoTal forest. Now these first church bells were smaU 
instrumeius inado out of pieces of tin and iron nailed together and 
hung in clumMy wooden frames, and their sharp tinkling was certainly 
not an agreeable sound. What we call church music, however, has 
no other relation to the musical art of early Christianity than (hat 
which the sound of our splendid church bells liaa to theso niiserablB 
tinklings. 

We Imre lit present the opportunity of demornsrrating the effect 
of the old Christ ain chunh music in the numerous forms of the 
liturgic songs which the church has preserved with exact fidelty, at 
least aa regards their tune. .(Vmong all tlicsc forma there la scarcely 
a more elotiuimt one ihiux the responsive chant of the litany on a fast 
day, Acgarding the aignificance and the range of the idea of tho 
cantua planus, or plain song, one may dispute, but what mufdca plana— 
that is, even, compact music—means, evciyone knows who has once 
felt the charm of the poworfid liturgic songs. The monototiy of 
these songs, whieli wp, fascinated, can not discern as coming from any 
particular place; and of which the lively rhythm of tho words docs 
not relieve the rigidity benumbs the senses and innkes them sus¬ 
ceptible of sug^tintis of all kinds. It is entirely immaterial what 
immediate origin one may assign to the old Christian psalmody, 
whether to the Jewish reapofisive thanting, the Greek ceremonifiJ 
music, or (aa Lt made probable by tho latest investigation of music) 
the joint spoken prayer that the priest pronounces first and theeongre- 
gulitju repeats after him, always in tho some restrained pcoiteiit tone, 
one nijiy say, which characterized tho litany. Tim essential fact is 
that the dear and unmistakahla gonorni character of tho old 
(.'hiistiim psi^ody approaches the primitive horizontid music, uiul 
that it is entirely foreign to tho duiroeteristic l^uropean feeling. 

Attempts are constantly made in certain quartcre to ascribe to the 
oldest ehluch musie a definite sensuous beauty which it can not 
liave had. The enntus planus itself inti.st bo a verv late devdop- 
meiit and identical with tlwi cantn-s finuus, a firm principal part 
around which a series of (mhordinatc parts are woven, Kmm such 
brgitmiiiga it is not possible to explain any litany, or inileod any later 
choral. It caji not have been diflcrcnt with music than with tho 
strm-tural arts, Wp sop the Christiana taking over tho tj-pea of 
dassical art. but with their tranjfferenee the old life was unfavorably 
affected. The ancicuts thought in marble and bronze, while Christen¬ 
dom, like priestlv Egypt, thought in granite, antj a granite aiunt must 
holtl the aotiie relation to a Greek statue as the carlv chumh music 
Id the musical art pf antiquity. A really free, lightly moving musie 
would have been the w idest disturbance in the early fliristian church. 
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The hkhops iind popes, nioreover, knew how to pnservo the siinplicity 
of their pranite stylo. 

Our picture would be incomplete if wo did not bring to mind whet 
the ecclesiastical authority made om of tho social position of sing¬ 
ers iind pcrformena. We know how highly singers were approciat^ 
in tho old courts, what estooni the "Skopen” had, and the noblo 
foriris of Volker and IXorantl are faimliar to us from tho XibeUingen 
liiid. Tlie church knew how to break down tliia universal respect . 
In the eyes of its aiithodties tlu> Bingois and porforinorH were worth¬ 
less vagfibonds. Though they wore tho prido of the hall, they were 
branded by tho churcli aa “the children of tlio devil. ' and us homo- 
le^ “Jlimmelsreicho” were t-haaod into the highways, where they 
^ht ajujociaio with other wandering poopio, jugglors, quacks, and 

A tribe of really wnrthleas vagabonds, it is true, iissndatoil with 
the iimistrelii. They were the musicians nf tho South, who left Homo 
and Italy hec-attso tho church was micongonial to ihom. One know 
how re dLstingiiish sharply belw-eou theso wandering and worthless 
people and ihe respectod native musicians. But as the church then 
oIho counted these northern muaicians among the wotihleisn, in ao far 
as they clung to liealhonLdt traditions, theso dialinctioits wore ublit- 
orutod. In the “Saxonspiegel" tho intoqjreintion of the church 
bwamo a kw, according to wliieh a player was as much an outlaw 
as ii lliief or ttn outcast. l.Trider the Swabian and Bavarian law he 
w'aa iinly ivllownd in catics of nolont assault to strike tho “shadow of 
hb toriiiQutor,'' Those were quite otheJ* times than tho ones in 
which the “Lejc Ang^orum ot Warinorum hoc ost Thuringoniiu" 
puniahcil those who injured tho hand of a harper four thnoa as 
aeiverely aj? those who injured the liand of another freeman. 

dust as little as tho gtsid heathenish praetkea and legends could 
he taken away from tho poopk by the most heedleaa fanaticism, Just 
so little could the heaviest ban of the church destroy tlrat which the 
d^piifed and condemned musicians took with ihom out onto the 
highways. In the midst of their jiecassities these musicians kept 
pure tho traditions of European music and wo have to thank them, 
before all, that finally in the unwelcomed intreducrion of polyphonio 
music Europe had again resisted tho Orient as regards musied ai*!, 

i. EVOLimON OF POLYPHONIO MUSfC, 

It is the last musical phenomenon with wliidi we are occupied 
hero, Tho erroneous views which are current even in many scien¬ 
tific circles rogartling tho origin of harmony oblige us to digress a 
littio further, AMording to an old assumption, the first intervals 
which Were porcedved lioth aa connected tones and us expressively 
sr.380*—an 1912-15 
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lumiitifiil ones irtirr:—^Jt^r lht’> uttjivfr—iho fifth and tlw foprtii. 
Wo have &&en ihAt tho octaves m our music luivo obtained ii cartidn 
rduo of o^Kpn^oji. Tho sanie b tlio ease wiib upon fifths and fourtlis^ 
which for cliaotic and turrifying pJirts are almnist a kind of musical 
hieroglyphics; for inAnniplo^ the introduction to Beothovons math 
symphony which tho i»pcn fifth dominates, and tlio cntriiiice of the 
marble sUtuo in Don Juan which tho powerful foudh micrvals of 
the drums characteriKo, Tho fourths and fifths have such a value of 
oxpPGtssion only hi very ridi and deep haruioriy. In thomsolvtse 
boLlt intoft'ab urn just os jieutral and inexprcaaiTo as the ocuvo* 
It U quito intclligibJo that in part songs the upper or lower Yoiciss 
are placiMi in the fifth i>r fourtli and tlmt in tho altornatiojis t>ot.h 
voicca i^ccaaionaUy kit upon tht'se mtervala. Such a coiubinod tone 
would naturally, however, not be piircoiv'od aa exprossive^ but only ^ 
a more ekmrly accent uated unison^ 

Xotwitbsiaiuluigy only rocetuly musical thcorbta have itsaerted with 
g^rcat dcJiiiitenca^ that the polyphomc EuropeAii music Iw-gan with 
u]Km fourths and fiftlis* The assertion waa hiipported wnth many 
noteworthy citations from the *^De Harmonica liistitiitionep’^ dating 
from about S 80 A+ D., which is ascribed to tho Flemish tnotiki llucbald* 
The organtiin, or ilia phony, of Hucbald inlrodiireifi as a novelty the 
progression of the melody in open fifths and fourths, or diapentoB and 
diate^eafons. Jiow Ln our textljook of harmony the first rule i& a 
strong prohibition of purallel iiftlis and fourths^ The prohibition is 
basetl not on cold theory but on the dbtuict rocugnition of the fact 
that the sound of isuch parallels is extremely disagreeable^ One 
Tutist he very' obtu!^ musically not to pt'rceive this. If llucbald 
enthuses over the 'Movely harmony which arises from such a rombi- 
nation of tonew/' he may indeed have been a great schnliir , but he was 
certainly an extremely had musiciani ajjd we must ask ourselvi^s 
whether the good monk did not involve his church in a funilamental 
misunderstanding by ttikhig up the polyphony practiced outside the 
church, of whieh, from the schcMjMng he had received from Boetliiu;s^ 
he had grasjwd only the mereat rudiments. 

The newest invc$Ligations of music have fully established thL view* 
The Avork "De Harmonicu Institutione*^ appeared about SSO A, D, 
Al least 30 yeai^ earlier Scolus Erigcna published his De Divisions 
isatuiae/' Wc wnll, follfiwing Hugo Eiemann's ''History of the 
Theory nf Music/' listen to a eritical passage oul of this old work. It 
says: 

Th^ eoTig E!aUDd cirg^aaiii can^lMU nf kmieA of UHkFO^jit Jdnilp juid pitch ^rhldn 
■rmml i^eponit^ly’ from each pther in wida iat^viiU in a vi^tl-Qrdcred lElallau, and 
pcTBf* in Accordance with a certain. ^vtabliihKl raJp of the art apptkabb to tbo dif^r^oi 
£5tylM of rliundi iniuiL^ come u^dit’rwid thiu produce a ncLmndly plrMshiB harmony. 

From this pajisago twn things are clear—first, that with the dm- 
coverj^ of the so-called organum Hucbald bad nothing lo do, that it 
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was a musif-nl fono which was known Jong !>cforc and commonly 
prAciiced outaifle the church; second (and this ia more unportonO^ 
that the oarlicr form wm tuoro richly developed. What Scotus 
Erigona described is a t wo-toticd tlipmc in its highc?st development^ and 
hence beyond mere third and sixth progressions. Thus the fact b 
e3toblL=5hcd that long bt^fore the church the people knew the t wo-piirt 
theun^ n-od thiiE the tH*clesUMjtic4il recognition of this musical forni did 
not promote it, hut on the conitnry checked it. The reaction did not 
stn[> with Hue bald, Lcderer remarked in his book^ *^On the Home 
and Origin of Poljphonicu Musicas follows; '^The churth in the 
^^iddle Ages evitlently tissjunicd tho moat hostile attitude toward 
polyphony as an art foreigti to its lundanienial priJK'IpIcef and wo 
could produce instances from Gcmiatiyp France, England, iind even 
from Icehindj in ivhich the church authorities took action agnitist 
polyphony. Pope John XXII finallj% in Llio year 1^122^ in the bull 
*D<kdn SiLiic^torum/ soicmnly exjselled it, rooted it up from the 
ground^ and rejected it/' Polyphonic music was disseminated 
through Europe, not through hut in opposition to the church, 

Tlie questiou may be asked where its sources arc in reality tu be 
looked for* This haft received different answ'ers. F^tis has assigned it 
to the Normans^ Guido Adler to the old folk songs^ and licderer to rUe 
people of Brittany, while Fleischor and GeraJdus Cambrensb point to 
the Danes and NorwcgiaiLs, Others allude to rhe construction of 
certain secular insittimenis that cun only be played in intervals, 
Tho most important are the oldf^t violina, ihree-st ringed instruments, 
in which for a long time the bnrige '.vas w-anting, but aftc^rwanls w hen 
introduced was cut off horbontally so litat the attings had to be played 
m miLion. Tw'o thin^ are common to all these investigations—first, 
that all polyphonic mUHic is north European, and, secondj that it b of 
secular, or at least of heathen^ origin. Aa archeologists wo must con¬ 
tend against the acceptance of such aji origin ns inconccivabJe, and 
if Tive have any hypothesis to propose it is that the be|rm ntng s of 
potyplionic music lie very much further back, that ihe Luren people 
were long familiar with Lt, and that it is not absurd lo bold that the 
two-voked music is us old at least as the Germans. 

It is rather an idle question ns to which intervals weiti fintt clearly 
grasped as such, ivhich^ to employ a romporison of Stumpf^, first 
combined tiiemselves into n skeleton, while the others stiU 
remained the weak par is of the musiL-ol body. It is passible that 5n 
tht! sound of tho so naturally produced octaves, fifths, and fourths 
the knowledge of intervals firat dawned. Not in these fixed and 
therefore inexpressive interviiis which ore common to both kinds of 
scales could musie hove become an art in the liigheat sense, hut 
through the active intervals by which the major and minor scales 
change^ especially the thirds and sixths^ The sharp produces the 
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major iscaJo, t-hc flat tlip miuor iile, and whpn one had first !Wog- 
nizt'd thtjrie diffcrpiicea, namely, the wide, light scalo of major third 
and aisth and the narrow, dark actde of the same minor intorvaie, 
the difTerentiadou was firel acoorapliahtsd. The Bimplest esperinieni 
can convince us of thia. A melody in the major or even jji tlie minor 
third is exactly as dull and intolerable as a similar one ui pure fifths 
or fourths. Tlie varying light and shade in constant, changes from 
the major to the minor third prodmro die intrinsic life. With the 
introduction to these contrasts mit«ic hecamc a really plastic, three- 
lUmensionGd art, 

OnJ}' one question remains now to ho answerod, A harmonic 
perception J.hat con Sii clearly distinguish between large and small 
intervals is conceivable only when the so-callod principle of tonality 
has Iwen long established; that is, when the car baa become acrus- 
tomed to place every single tono of the melody bi relation with a 
(Jominant fimdamental tone from w'hich the theme proceeds and to 
which it returns. There hna been much controversy as to hnw' the 
development of tins seuiso of tone b to bo regarded. Tt is agreed 
i hal. I he fundamental tone which we Irt-day employ as a luettsnre 
for a long time acrotu|nmicd the inelody audibly. The bagpipe, 
with its drone, Hcrvcfl as the clasiiicaJ instrument which offprij this 
pons asinorum to the nnpractii-ed ear. Regarding the antiquity and 
origin of the bagpipe nothii^ definite can be said. It is indeed not 
necftasary to wail for the discovery of the fact*. As we know, the 
drums of primitive pettple are often pitchetl to quite definite tones, 
and if their regular rhythm ticconipamod the song, we have here 
already a kind of organ pomt. Incidentally it may he remarked 
that in the language of the orL-hesira the throbbing repetition of tlw 
same notes in tlie boss is called a drtim liasa. 

Tlio ease of the drum organ-poinL of primitive people, which was 
uuh'iMal, ifi very similar to that of the dtnovery of a steam engine. 
Primitive people boiled water, and with them, as clsewliere, the 
steam raisAi the lid of the kettle, hut a blaek Papin is umhinkable. 
Xow, tumbig to onr own case, in the peiropiion of the intervals, 
which are produced by accompanying the melody with a persistent 
fundamental tone lies the origin of vertical hearing. These inter¬ 
vals could, however, «uly be beard by a people which through ita 
culture had been trained to it in tho necaswary manner. 

6. TEE TN'CORPORATIO?! OF THE FOREGOING iUTERlALS INTO 
CULTURE HtSTORT. 

We Bball confine ourselves to the mbst important point*. 

The begbmingH of music lead na back to that important stage of 
history that is dominated by aiiperstitious IjcIJefs. It is concerned 
with the coamology which precedes all anunisin. Its traces are atill 
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to-da}^ <?vpr>'wiii‘re r<M:ognizAHe in thp gn^ate^it profusionj aji 
deui-e of how long k must have had powpr over mankind. The 
c]<^fu-e«t p.tample is perhaps the so-caJled pktTire magio- Tho facta 
are well known. A man obsessed by supeJ^tUion (to take a com¬ 
monest example) betieves in the power of affecting exbience that 
la^ more corporeal image possesses. Hence the so common fear of 
the photographic camera. Portions of the body^ such as dipping^ 
of hair and nalls^ cim, in magic homeopathy, produce evil eff<?ctSH 
To this circle of conceptions belongs also black magic^ wldch extends 
back into remote historical times and in which people stOl belleve. 
Andree gives so me ver^^ interesting exampL'S of it in hb essays on 
“Sympathy Magic/* and **Pictures rob the Soul" C*N«w Ethno- 
graphiral Parallels**). It is Uie same with amulet and talisman 
beliefs^ and the idea of the piuiis Italian to insure for himself the 
protection of the particular saii^ht whose imago ho carries in his 
bosom. In the luck penn^" which our childl^elt carry in their purses 
to attract other peiunies the lost dim trace of tins auperetkitiou 
remains. 

In its beginidiigs this entire magic art was not so stupid, Napoleon 
was iLccu^tonied to write down a name which he wished to remember 
and to ihrow^ away the slip of paper after he had learned the piemri^ 
of the letters. Our ivhole mnemonic ia based on the same 

principle. So, tikewuse, ilid the oldest belief in picture magic have an 
entirely rational and purely empirical basis. The one who '"hit the 
quarry^' best in a picture had tlic most fundamental tredning in obser¬ 
vation Olid ttierehy the best prosuMsct to strike the prey in reality. 
Tins cxplain-H the oldest j>ritctice of this art of drawing which niuat orico 
have been thoroughly systematic^ We have its precious rcDioim in 
the celebrated paleolitliic cave anti rock pictures. 

Obfier\'aLlt]n of the uaturulistic begitiniiigs of belief in ningic on the 
one bond and of its later mystic developmenfit on the other show us 
two strong evolutionan^ contrasts. From an originaily ratiorial 
belief u magic belief has developed I a ter. Tlmtb the course of develop¬ 
ment. regards picture magic and it k in no wke clitferent aa rcgartlH 
tone magic which precedes all genuine artktic music. 

The o| (I est souu d magic was also entirely rational. The o hser\' ariccs 
ill the two agree. It Ls a kind of sound magic wdion advancing troops 
make an attack mth humihs^ and the strange war songs of various 
savage ]ieoples, ao often describedp iLre also taiunil magic. A honi of 
Maoris and a troup of Prusaian soldiere act here under tli© same 
hypothecs. This magic reaches back, moreover^ to the Hunting 
Age (if we may mention this epoch briefly here without taking up 
the subject of the very important results of the researches of B^d. 
Hahn ), In this, the hunters of the Old Stone Age differed in nothing 
from their Living representaiivcsj when they indtate the black cock, 
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or whistle as bird ealchery. Just as clever magic pictures oi tbp 
primitive hunting art coosistod of the drawings in caves and on rocks 
the sountl magic art woa represenied hj the ccLebratecI onima] ptm- 
toimnies, in which the animal roicea were rcprnduceii ivith mach 
exactness. 

A word may be salt I pegar^lmg these pantomimes. Jt W 4 i 3 formerly 
a favorite idea of the tmlture that in the animiil pauUunime 

something like a foreshadowing of a universal art work was to be aeeii 
itnil henee au uiiiutcresting art performance* As a result of the 
otwen ationa of Lichtensteinp Catluit and Reade that view^ Ls no longer 
posable. Yrj5 Itirii in Iil-s book on the origin of art remarks quite 
coirectl}* that *^lhc pantomimes have in rtiality Just as practical a 
purpose fks the lifelike pictures of amitmjs with which hunters in all 
parts uf the world endeavored to attract their game witMu reach* i d 
accordance ■ft'itli the theory of sympathetic magic it is merely a self- 
evident fact that the repreandation of a tMjig at any distojice can 
influence the ildag iLselL and that in thia way a btilfalu dance,, even 
perfartniHi in the camp, can compol the buJfaloes to come within 
rcacli of tile hunters. 

The lieceptive appearance of an absence of utilityp which in this 
case could lead to the emir of mistaking a mere example of huuung 
magic for a display of pure dramurlcr art, makes one cautious iihout 
regarding any performance of primitlv^e men os purely esthetic. 

Sound magic, howevi^Tj also arrived at a myatic stogt! in which it 
no lunger anught to ci^urcUp visible bt^izigs but dmuons. We liave 
learned to recogjikp some of ilie phenomena of llus stage* for example, 
the use uf “buU by wejither magicianfl. In iJie same mmi- 

ner the Bii^futos employ Lhcir rain flutes In times nf drought. Other 
prumtiye peopIe*i by w-bipplug the w ater imitate the sound of rain 
w^hich thay may thus bewitch. Very inatmeUve as regards this 
psychology is on anecdote which Mo^n relatoa of the Fucblo Iniiians. 
Iti making n soundiug vessel the wcmicn imitate with their voictLs the 
sound of a well-bimicd vessel in order that theg^! good qualities mav 
be carrieil ovc?r to the untinished piece. 

A noteworthy sound^magic phenomenon wtueh b reportoil of the 
Arabs gives u$ a clew as to how the originally so iintuiidi^tic belief 
slowly changes into the animistic. To the Arabs whifftiing k i?pme- 
wliat sinful. In whistling sounds they hear tho ''wlikporing of the 
spirits/' The sound of iho wind is to thorn the voice of the departtd. 
It followis, therefore, quite pmperly tluit the spirits which are, hmv- 
ever, feared are called by wliistling. VTiwn the traveler Burckhenit 
whistled before the ileja 2 is they believed that he spoke with the 
devil. 

The souniJ uiiigic hnall_\< become fully mystic and ^wcult in the 
felbh drujm« imd their curious manipulutioo* Thk myatie sound 
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mugtc Ls retRtod ti» tlw nnturitl tuain'v of primitive times just os in 
Egyptian art tLo'strongly stylistic foini of the ne;v ompinj is to the 
realLctic natural form of the oliler. If wc comparo with the ciTldely 
simple rhythm of an incessantly beaten fetish drum, the dramaticuUy 
presenttKl complexity of a swiftly mO'ring aninuil pantoniime. tiie 
Inter Htato of musical devclujimeiit dtspluyeil in the drumming 
upiHiars lut an alnictst incomprelieosibla impoTcrisJiuicnt. But iIidpo 
also Eg>'|>i, is to bo remembcied. The rigid style of the new empire 
oulr up imam cruder wlion w'e separate the works fwm their environ* 
niont. In the cultural eutit)’ it is shown that what is historically 
later is iJsu higher as regards development. The richtst animal 
piintomlnies thcinselvcK in all their complexity do not go bevmitl the 
imitation i>f noises, but tlio rudest fetish drumming itself offers, 
instead of nniso, tone. Hero music first takes its beginning mt art. 
In the monotony of a tone^art realhwd by the ahanian the hearing 
found its first mellmdicid schooling, and so here also tha later Ls 
the higher from an evoiutionaiT standpoint in spite of all apparent 
degeneration. 

In the magical and mystical fetish drumming we observe for the 
first time how that element comes forth more strorij^y whirl] in the 
Mbwing epoch dominates the whole mupical development -namely, 
rhythm. The next pisihlem as regards culture history would be then 
to itetemiim* liow from this rliyllim, which hi strange Ui us, could 
spring tile ono we know. 

I believe liere a signiiioant remark of Livingstone's which is founiJ 
in the books is of great importance. Livingstone said that in liis 
eutavan he luwl been able easily to pick out tiio former slaves from 
all the i-est. The sound of the drunia jind of the kudu boms appeared 
to call up a kind of “esprit de i-orpa" in all those who were oneo 
staves. It is not a very [deasing idea to think of a music which 
pusses tlireutcningly over the heads of the natives like a whip. But 
iho tone-art Uas also gone tlirough tlus metamorphuaLs. 

To repeat-, there are two kinds of rhythm for us to recognize; the 
free and rcfrcishing rhytlmi of a later lime and the doleful, disquieting 
rhythm of an earlier day. In the doleful rhythm of the sacred per¬ 
cussion iiwtmjnents, like the ilrums, there was given to the shamun 
a power from thp inlluenee of w'hich unJy those with the strongest 
wills could remain shcltereil. Bucher is opposeii to the supposition 
that such a will can be practiced os a pow'er only by a ruling cast, 
by a stronger stock, aiiich dommutes over the weaker and praxes 
them into its service. It may be that more extensive data must be 
coUacted as a foundation for this assertion. The probabilities even 
to-duy, however, point lovrard the tmth of the two-idma theory, os 
applying to die distant antiquity of the Old Stono Age, TH« is cer- 
taudy true, that the development of the tonabari, os long as muBto 
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conaisted af rhythm, derived ull its essential qunlittes, tiot from the 
cunlli{‘t between f^hiimmi RTsd layman^ but that between lord and 
sldiTe^ between command fuid labon 

The history of the rofrah shows us how this nide rhythm disappears 
more and rnore^ and how mn^k as metodj constantly gnins in extent 
and oigziilicance. The oldest refrain diyides the w’ork songs measure 
by mectetiro with the precision of clockwork. Their rhylhm w as 
monutonum as that of the rininit and they themselves are m cam* 
pletely mere sound,, and not melody^ that Bflcher designates thorn 
as mere anima] cries—the groans of labor b<H*omo^ as it w'ero, tone- 
In the strange conflict betweeii the little mtenapersed particles of 
melody and the recurring dull rhythm of the refrain ethnologists are 
able to read many thin^. The fiw style of the lender is an espres* 
sion of the dominating and com|>eIling c-oste, which is more mature 
BS regards development. The rigid regulerity of tho refrain, how- 
evefj fenced upon the chorus, ia the whip-rh>ihin of Livingstone. It 
is that hjpriotk music w^hich w ns taken from the skaiuiiii by the secular 
pow'er, and by this the secular power held the masses in bondag^^ 

We have seen how the bcghmiiigs of muaic aa an art lay enthralled^ 
and have sought the outlet whiti led fttm tlua coiidition of cap 
livity to greater freedom. No savage people, so long os they remain 
uniniluericedj can rise above a certain grade of horizontol^ two- 
dimenoiun music. It is Euttjpe, and the duniinatuig raoea of the 
north of Europe, that have rendered this decisive service. This 
possibihty arose from the purer^ more intelieelual atmospbere, which 
developeil the gloomy death cult of earher timew into the fn^^dom of 
the HUH cult. l^Vom the cave cult of the south und uf the lea^ 
developed races has eome the high cult of the luinin The thought 
and feeling of the northepi races was joined to a freer and bfoader 
cosmogony, anti to this greater Irwdoiu we owe the begiituings of 
our Eun^pean music. 


EXPEDITION TO THE SOUTH POF.EJ 


By RoAtu AMTiK0Hr.?ii. 


Till* plan of thfl third From expedition was twofold : Firat, I he 
fttlamuieiit of the South Pole, and, second, the expluratioti of the 
north polar regions. Tliia evening I have the honor to report to von 
on ihe accomplidhnu'nt of the lirat part of this phun 

I can only briefly mention here tho expeditions which have worked 
ui the region which we had selected for our startuig point. .4s we 
wKhed to reach the South Pole, our first problem was to go south us 
fur as possible with our ship and there establish our station. Even 
so, the aled ioume>’3 would be long enough. I knew that the Fmglish 
expeditjon would again choose their old winter quarters in Mc41ijrdo 
Sound, South Victoria l.and, as their Btartuig pouit. From news¬ 
paper report it was known that the Japani^e had aelected King 
Kclward VTI Jjintl, In order to avoid these two e.xpc'ditiuuH we had 
to cstahUah our station ou the Great Ice Barrier as far as ptwsihlo 
from tho starting poinUi of the two other e.xpeditions. 

The Groat Ice Barrier, nlso called the Rf«ja Bamor. lies between 
South Victoria band and King Edward VH Land and has an extent 
of uhfWiL 515 miles/ The first to reach this mighty ice formatiun 
WM Sir Jmnes (lark Rosa in ISdl. He did not dare approach the 
great n-e wall, lOO feet high, with his twu stiiiiiig ships, tlie LWhiJt 
and the Terror, whowi progress southwarii was impeded hy this 
mighty ohatai-ie. He examined tho ico wall from a dLjtafice* how¬ 
ever, as far as possible. His observations showed that the Barrier is 
not tt continuous, nbrojit ice wall, hut is interrupted by bare and 
amidJ clianiiets. On Itoas’a map a bay of considerable mugriitude 
may bo seen. 

^ The ne.xt expedition was that of the i^oufArm Fross in lOCKl, It 
IS mtorcsting to note that tins [larty found the bay moiitioned above 
at the same place where Rosa hml seen it in J84l, nearly 00 ream 
before; that this expedition also was able to land a few miles to the 
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of the Jnr;go bay iii n Artioll buy^ natneJ Balloon Bight, imd fram 
lljtjri" to iisceni:J the Ice Bairiort which h^jretoforo Imd heon considered 
an iiteuriiEOiin table obstacle to further aclcanco toward theaauth. 

In ISKJl the Dis;co^y gteanied along the Barrier anil coiifimKHi in 
erety respect wliut i ho S^yuthrm Cmss had ohser\'ed. Ij«nd was alao 
dkcocared in the iUrectiyu iudicatcc] by Ross, namely^ Kirig Edward 
VII Land, too, landeiJ in Balliiiin Bight> and, like his prede- 

cpsaoRt, waw Oie large bay to the west* 

In 1S>0R Shacklotoii arrived there on the NimrfHl, He, ton, fol¬ 
lowed along die erlge of the Tee Barrier* lie came to the oonchision 
dial disturbances had laken place in the Ice iJarricr. The shore line 
of Balloon Bight, he tJioiight, had changed and metged whli the large 
bay fii I he west. This large bay* which he thought to ho of recon I 
origin, he niLmed Bay of W^iales. TRi gave up Ids original jiliiii of 
litiidiiig there, as the Ice Barrier appeared to liitn loo dangerntis for 
the establiiilijnciit of winter quarters. 

It was not diniii^nlt in determine that the bay i^liowii ati Rosass 
map and the so-ciJled Bay of Wliolea are ideniii'a); it was only 
nei^easary to compare the two maps. Except for a few pieces that 
liad broken -oir from the Bamefj, the hny hud rEmiaincft tire srune for 
the lost 70 years. It was therefore possible to assume that the 
hay diti not owe its origin ixi chance and that it mii^t be imderlam 
by land, cither hi the form of ^and banks or otherwise. 

This bay wc decided u|ion m oiir base of operations* It lies 4i)Q 
miles from the English siatioii in ^IcMnnltj xS^rtunJ and 115 imlm 
from King Edward YTl Land. Wo could therefore assume that we 
should he far enough Irom the English sphere tjf bit crest und need 
not fear crossing tho rout^^ of the Engikh expinlitiuji* The reports 
concerning the Japanese station on Kbig Edward VXl fjand were 
indclinitc. We took it for granted, however* that a distance of 115 
miles would suffice* 

On August Oj IDUl, wfi loft Norway on the Fmm, the ship that had 
nriginally been Imilt for Nansen, We had D7 superb Eskimo lioga 
and ]jrttvfc3ions for two yoaoa, Tho first harbor we reached was 
l^ladeim. Thorci the last preparations vrere made for our voA^age 
to the Ro^ Barrier—truly not tm insignificant distimeo wliich we 
had to rover* namely, Ifi.OOO nautical miles fmm Norway to the 
Bay of Whalcfl. Wo had estimated slmt this trip wonhl require 
fiv« months. The Fmm, which has justly been cdled the stanchest 
polar ship in the world, on this voyage across practically all of the 
w'eans proved hanielf to he extremely seaworthy. Thus we traveled 
wHthout a aingle mkhap the regions of the northeast and of the 
snuthcftsl tradea* liic etorray scoa of the “roaring forties.^ the fogs 
of the fifties, the ic<vfilh*d aixticsp and reached our field of work at 

tlicIccBairic-ronpTfliiuary 14, 1911* Everything had gone spipndidiv 


EXPEDITION TO SOUTET POIJ^—AMUNDSEN* 


703 


Tho Ici^ in the Buy uf Wlml^ Jiml jual broken upp and were nble 
to iidv'ttiice cottsjdembly further tjouth than nay of our prede<!4e^isors 
had done. Wo found a ffuiel little nook beliind a projecting ice 
cape; from hero wo could transfer our equipment to the Barrier with 
compunitiYe safety. Anothor ^eat adYantage wm that the Barrier 
at this place doscendcil very gradually to the seu ice, so that we ]iad 
the heat jx^^sibic surface for our sleds. Our litot uiidertaking was 
to aaceml tho Barrier in onlor to got a general suryey and to deter¬ 
mine a suitable place fur the orectiDii uf the house whicdi we had 
brought >Yiih us. The siipp>5itioii that tlik part of the Barrier rests 
OQ land sotuned to ho conlirmiKl immediately by our surroundings. 
Insteud of the smoothp flat surface which the outer wall uf the Bar^ 
rier presents, we here found the nurfacu to ho very uneven. We 
evtay^^hi^re saw sliarp liills and poitits between wliicli there were 
pressure cracks and dopreasifuis filled with laiga mosses of drift. 
These features w'erc not of rerent date. On the contrar3% it was 
OOBV to sea that they wero very old and that they must hare had 
their origin at a time which long preceded the period of Boss's visit. 

Originally we had plaiined to ^tablish our station several miles 
front the edge of i he Dflirier, in order not to subject ourscives to the 
danger of an tinwLdconio and inYoluntRry aea trip, which might have 
occurred hiul the pari of the Barri<'r on which we cjrcctcd our house 
broken off. ThL^ prccautionp howeverp w-aii not nccessaiy, as the 
features which we ubserYcd on our fust examlnat Ion of the area 
offeied a sutheiout guaranieo for the stability of the Barrier at this 
point. 

In a small YoLtey, hardly 2i milea from tho ship's anchorage, 
therefore selocteil a place for our winter quarters. It was protected 
from the wind on aU sides* On the next day w* began unloading the 
ahip. We bad brtjught with us niatcnal for huitse building as well as 
equipment and provbions for nine men for severe I years* We divided 
into two gTOU|i3—the nihip's group and the hmd group. The first was 
ooniposcd of the commander of tho ship, Capt. Nilseiij and the tiine 
men who were to slay on board to take the Fnim out of the ice and 
to Buenos ^Vires. The other group consisted of the men who were 
to occupy the winter quarters and luorcU on to the south* The ships 
group had to unload every tiling from the slup upon the ice. There 
the lainJ group took charge of the cargo and brought H to ihe building 
site. At first we w'ere rather unaccustomed to work, os wo Imd had 
little exercise on the lung saa v-pyagB. But before long w“e were all 
*^brekeii in/ and then the transfer to the site of our home “Fram- 
heim^^ went on rapidly; the house grew daily* 

Whew all the material hud been landed our skilled carpenters, (Jlav 
Bjaalaud and Jdrgen Siubberud^ began building the house* It was 
a ready-matb house which we had brought with us; nothing had to 
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b* done but to put toother ihe various nuniberiH] parts. Tn tirdt-jr 
that tbe boit^ might brave all storms, its boltoin m an c^xea- 

vation 4 fe^et beneath the surface. On Januaiy 2S^ 14 days after our 
arrival the house was eonipktcd, and all proviaiDos bad been landed. 
A gigantic task had been performed; everything seemed to point 
toward a propiiious future. But no time vrm to bo lost; we had to 
make use of every imnute. 

The land group had in the mean.time been divided into two partieSt 
one of w'^hich aaw to it that the provisions and equipment flltU luckiog 
were taken out of the ship. The other parly was to prepare for an 
excursion toward the south which bad in view iho e.vploration of the 
immediate environa and the estabiisliment of a depot. 

On Fehman^ ID the latlor group marched south. There were 4 of 
us wnth 18 dogs and ^ ateda packed with provisions. That morning 
of our start is still vividly in my memory. The weather was ealmp. 
the sky harrliy overcast. Before us lay the large, unlimited snow 
plaiilj behind us the Bay of Whales with its projecting ice capes and 
at its entrance otir dear sUip^ the Fmvi. On board tlia flag “was 
hoist-ed; it was the last greeting from our oomnides of the ship. Ko 
one knew w'hether and w^hen wc should sec each other again. In all 
probability our comrades would no longer be there when we returned; 
a year Would probably elapse before we could meet again. One 
more glance baokwanl, one more parting greeting and then— 
forworfb 

Our first advance on the Bjiirier was full of excitement arul aus- 
pense. So many questions presented theinsclvea: Wluit will be the 
nature of the re^on we have to cross? How iviil the sleds behave I 
Will our i.^uipmcnt meet the roquiromeuts of the alt nation t Have 
we the proper hauling power? If wo w'ere to accomplish our object, 
everything had to be of the best. Our equipment was suth^taiitiully 
different from that of our English com]ietitom^ Wo placed our 
whole trust on Eskimo dogs and skis, whdo the English^ as a result 
of their own experience, had idjandoned tlogs as well as skis^ but, on 
the other hand, wero vrell eciuipped with motor sleds and ponies. 

We advanced rapidly on tho ainooth^ whjto snow plam. Qn 
February 14 we reached SO'^ S. Wo had thus covered 9^ miles. We 
eatablishci] a 4lc[wjt hero mainly of 1,800 pounds of provisions, w'liich 
we iuiendtid to use on our main advance to Iho south in the apriug. 
The return jouniey occupied two days; on the first we covered 40 
miles and on the second 57 miles. When wo reached our station 
the Fmm had already left. The bay wus lonely and deserted; only 
seals and penguins were in posacssion of the place. 

This first oxcuniion to the south, ait hough brief, was of great 
importance to us. Wo now knew definitely that our equipment and 
our pulling puwer were eminently suited to' the demands upuij them. 
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In their gotoction no mj^stake had been made. Ii, was now for ns to 
make uae of cverylhing to the beat advantage. 

Our aojoum at the station was only a short one. On Febnmiy 22 
we were ready again to carry snppUes to a more southern depot. We 
intended tn push this depot na far south as possible. On this occtision 
onr «.\piH]ition consisted! of S men, 7 sleds, and 42 dogs. Only the 
cook remained at '‘Framheim.*' 

On FflbnjnQ' 2“ we passed the Hejiot ahich we had established at 
SO" S,; found everything in the best of order. On 3itarch 4 wo 
Peached the eightj-firet parallel and deposited there 1,150 pounds of 
proATsions. Three men returned from here to the station, W'hile the 
five others continued toward the south and reached the eightr-secoml 
pamllol on ^larch S, de^iositing tliero 1,375 pounds of provisions. 
We then returned, and on March 22 nero again at home. Before 
the winter began we made another ejcciirston to the depot in SO" S., 
and added to our siipjilics there 2,400 jiounds of fresh salt meat and 
440 pounds of other jirovlsions. On April 11 wo returned from 
tliis excumnn; this ended all of our work connected with the estab¬ 
lishment of depots. U(> to that date we had carried out 6,700 pounds 
of provisions and hnd flktributed these in three repoAitoHcs. 

The part of the Barrier over which we had gone heretofore has an 
average height of 165 feet and looked like a flat plain which continued 
Viith slight undulalinns without any marked featurcH that could have 
served for orientation. It has heretofore l»en the opinion that on 
such an endless plain no jimvisions cun Iw cached without risking 
their loss. If w'e wore, how'ever, to have the slightest chance of 
reaching our goal we hat! to establish dejiots, and that to as great im 
extent as possible. This i:|uestion w'as dbeuseed among us, and we 
clecidtKl to cstublbh signs acro^ our route, and not along it, as has 
been generally done heretofore. We therefore set up a row of signs 
at right angles to onr mute — that », in an east-west rlirection from our 
depots. iSvo of these signs w'ero placed on opposite sides of cadi of 
the three depots, at a distance of 5.6 mUes (0 kilometeiw) from them; 
and between the signs and the depot two flogs were erected for every 
kilometer. In addition, all flags were marked so that we might know* 
the direction and distance of the depot to which they referred. This 
provision proved entirely trustworthy; we were able to find our 
depots even in dense fog. Our compasses and pedometers were 
tested at the station; we knew that we could rely upon them. 

By our excursions to the deimts we had gained a great deal. We 
had not only carried a large amount of provisions toward the south, 
but we had also gained valuable experience. That was worth more 
and w'os to be of value to us on our final advance to the pole. 

The low’est temperature w'e had observed on those depot excursions 
was —50® C. The fact that it was still summer when we recorded 
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thh tcimp^mtum warTn>d ue to sec that our equipment m'os in good 
condition- Wo also realized thot o«r heavy rieds were too unwieldly 
end that they could easily Iw made mtieh lighter. This rritiefem was 
eqijjilly applicable to the greater part of our ec|utpinent. 

Several day^ bd'orc the dkoppeararce of the sun were devoted to 
hunting sea!* The total weight of the tdllcwl amounted to 

132^flOO [munck- We therefore had ample provisions for rnirselves 
as well as forotir 115 dogs. 

Oiir next problem wive to supply a iirotcctive roof for our dogs* 
We had brought ’^vith us 10 large tents^ in which IS men could eaHily 
find room, Tk^ty were set up on the Ice Barrier; the snow was then 
dug out to 4 deptJi of fij feet inside the t^mts, so that each dog hut 
wea nearly !K) feci high* The diatnoter of n dog hut on the ground 
was 16 feet- We mark these huts spacious so that they might be as 
airy »s po^ibk and thus avert the frost which b so injumiis to dogs. 
Out purpoije was entirely attained^ for even in the severest weather 
no dogs were froEen* The tents were always warm and comforiabk. 
Twelve dogs were housed ui each^ and every man had to take enre of 
his own pack- 

After we hud seen to the W'antiS of the dpgs w^e could tlien think of 
ourselves. 2 \s earlT as April the house wm entirely covered by snow. 
In thb newly drift^ snow passiigew^ays were dug connecting directly 
XVIth the dog huta. Ample room was thus at our rikpo^al witlioiit 
the nee<l on our part of furnishing building material. We had work- 
fihopu, a blacksmitli shop,, n nwm for titewing^ one for packing, a strir- 
age room for coah woodj and oil, n mom for regular baths^ imd one 
for steam baths. The w'mter might lie aa cold and stormy as it 
woidd, it coitld do us no harm 

On April 21 the sun disappeared and the longest night began which 
had ever been e.vperienced by man in the .Intarctk- We did not 
need to fear the long ni^t for wo well equipped with j>rovisiona 
for yearn and had a cemfortabte, welhvcnlilated,. well-^iLuated and 
protected house. In addition ^ we had our splendid bathroom where 
we could take a bath every week, it really waa a veriiablc sanato¬ 
rium* 

^Uter these arrangements bad been completed xve hegao prepara¬ 
tions for the maiu advance in the fnllowing spring. We had to 
improve our equijjment and make it lighter* We discarded all om 
sleds, for they were too heav^^ and unwieldly for the smooth surface 
of the Ice Barrier* Dur sleds weighed 165 pounds each, Bjaaland, 
our ski and sled maker^ look the sleds in hftnd, and when srprtng ar¬ 
rival he had entirely made over our sledge equipment. These sleds 
xveighed only one-third much os the old ones. In the sofno wav it 
was possible to reduce the ivcight of dl other items of our equipment. 
Picldiig the provbions for the alod^e journey was of the greatest 
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import mi t:e. CapL Jubfitisca Attended tn ihis ^-ork duriiij; the \v^u- 
ter. Each of the 42,000 loavos of h»rd bread hud to be handled 
separately bcJoi’c it couJd be ass^ed to ita proper piece. In this way 
the winter p£kssed quickly and agreeably. Ail of m were occupied 
all the time. Our house was wami^ diy^, ligh t, and aiiy', and wo aJl 
enjoyed the best of health. We liad no physician and needed none. 

llctporokngicfd oljserratium w'cre taken continuous^^. The results 
surprising. We had thought that wo should have clisagTeeable, 
stormy weatheri, but this wm not the ciiae. During tJio whole year 
of our sojourn at the station we exjieriewced tnify two moderate 
storms* The rest of the time light brt^zt^ preTaikd. mairil3^frGm an 
eoatcrly directiou. Atmospheric pressure was as a rule vtoy low, but 
renuiincd comtant* Tbc tornjjorature sank considerahlyj juid 1 deem 
it pjtibabie that the mean annual temperatura which we recorded^ 

— 26*^ C\, is the lowest mean temperature which has ever been 
obsen'ed. During five months of the j^ear wo recorded iomporatures 
below —50® C. On August 23 the lowest temperature was rocordodi 

— 50®* The HEtwu correapouding to the nurthem lights uf 

the Arc tic j Wioa ob^eri^fl friMiuontly and in all directions and formas. 
This phenumeaon changiNl veiy rapidiy^ hut| except in certain ca&es^ 
WHS not veiy' intetrdve* 

On August 24 the sun reappeared^ The Tsinter had envied^ Sev¬ 
eral days earlier wo had put evoiything in the best of tjrdor, and when 
the sun rose over tie Barrier wo were ready to start. The dogg 
were in fine condition. 

From now on we obsorved the temperature dai^^ mill great inter¬ 
est, for os long as the mercury" reiniiined below -5D® a start wsia 
not to be thought of. In tlie first days of September all signs indi- 
i ftled that the mercury" would mop We Llicrefore resolved to si art 
Its soon us jwjs&ibleH On Sepiember 8 the temj^erature wu^ —30®, 
We started inmiodiutelj^j but this march was to be short. On tbe 
ne.^t day the temperature began to sink rapidly, and sereral dajTs later 
the thermo meter registered —55® C. We human b[dng)s could 
probably have kept on the march for some Lime under such a tem¬ 
perature, for we were protecttwi against the cold by our clothing* 
but the dogs sould not have long withstood this degree of cold. We 
were iheJvfore glad when we reached iho eightieth paj-alld. We 
deposited there our provjt«ioiis and equipment in ibo dcijot which we 
had previously erected und roturned to ‘^Frambeim,” 

The weather now became very changeable for a time—tho Lranid- 
dauid period from winter to summer; we uovor knew what weatlier 
the next day would bring. Frostbites from our last march forced us 
to wait until w'o definitely knew that spring had really coino* On 
September 24 w'e &aw- at last positive evidence that spring had umrod; 
the seals began to clamber up on the ice. This sign w'as hailed mih 
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rrjoking—not n whit, less the bpaI meat which BjaiJatitl bratight on 
the same daj. The tlogs, too^ enjoyed the nrrival of spring. Th^ 
wore rovenous for fresh seal meat. On September 29 another unrefut¬ 
able sign of spring appeared Sn the arriral of a flock of Antarctic 
petrels. They flew nrouud our bouse intpilHiiively to the joy of all, 
not onlv of ourselves, but also of the (logs. TliO latior were wild 
witlj joy and excitement, and mn after the birds in hopes of getting 
H delicate morseL Foolish dogts I Tholf chase ended with a wild 
light among tbeinsdTos. 

On October 30 the woathor hod at last become ao atable that wo 
could start . We had, meanwhile, changed our origiiuil plan, which 
WHS that we should all advance southward together. We retdiaeti that 
wc could travel with perfect safety in two groups and tlius accom¬ 
plish much more. Wo arrangiMl that tliree men should go to the oust 
to explore King Edw-ard VII l.and; the romniiung five men were (o 
carty out the innin plan, tho advanco on the South Polo. 

(Jetobor 20 was a boauliful day. Clear, mild weather prevailed. 
The temponituro was 1® C. above zero. Our sleds wenj light, and we 
could advance rapidly. Wo did not need to huny our dogs for they 
were eager enough ihomsolvos. Wo numbcri.id .*) men and 52 dogs with 
4 sleds. Togother with the pnATsions which wo had left in the (liree 
depots at thedghlioth, ihceighly-finat, anti the eighty-second piirallels, 
wfl had siifTicient sustenance for 120 days. 

Two days after our departure wo nearly met with n serious aeci- 
dent. Bjaaland's sled fell iiUo one of the numerous crevii&ieH. 4* 
the critical moment wo worn fortunatoly able to come to Bjaaland’s 
aid; hud wo been a moment, later tho sleii wntli its 13 dogs would have 
dLsappearcil in the seeiningh' bottomlosa pit. 

On tho fourth day we reached our depot at 80* S- Wo romnined 
there two days and gave our dogs as much seal meat as they w-ould 
■6&t- 

Between tho eightieth and the eighty-first parallel the Barrier ice 
along our mute was oven, with the excoplion of a few low umhila- 
tlons; dangerous hidden places were not to bo found. The region 
between the eighty-first and the eighly-eocond parallel w'as of a 
totally different character, during tho first 19 miles-we were in a 
veritable labyrintb of crevaasra, very JangcrouB to cross. At iimny 
places yawning abysses were visible beenuselargo pieces of the surfftco 
had broken ofl; the surface thereforo presented a verj’ unsafe appear- 
iince. Wo crossed thia region four times in all. On the three first 
times such a dense fog prevailed that wo could only rocognizo objocta 
a few feet away. Only on the fourth occasion did wo have clear 
weather. Thou wo were able to see the great diflkuUiea to which wo 
had been exposed. 
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On November 5 we rD&cbod the depot at the eightj-fierond ptirtiilel 
and found eremhingin order* For the last time our dogs were oblo 
to have a good rest and eal thdr fill; and they did so thoroughly 
during their two days- rest. 

Beginning at the eightieth parallel we constructed fitiow raima 
which shoiilcl servo as signpoata oil our return. In all wo orocted 
li50 aufrh signpoate^ each of which required &0 snow blocks. AbnyJ 
9,900 &naw blocks had f hrreforo to be cut out for this purpoE^, Tliest^ 
cainw tUd not (iisap|iomt us, for they enabled its to rotuni by exncUy 
the same route wo had |>rovioualy foUuwod, 

South of the eighty-second parallel the Barrier yrasi if possible, 
still tnom even than farther north; we therefore advanced quite 
rapidly. At ev^ty unit paridkil which we crossed on our advance 
toward the south we established a depot. Wo thereby dDubLlcssly 
exposed oursclven to a certam risk^ for there was no time to aict up 
sign posts around the depots. IVo therefore had to rely on snow' 
caims. On the other hand, our g)e<Ls became lighter, so that it was 
never hard for the dogs to pull them. 

When w'G reached the eighty-'third parallel we saw land iii a 
southwesterly direction. This could only ho South Victoria Land^ 
probably o continuation of the mountain range which runs in a 
southeasterly direction and which is shown on Shackelton'a map. 
From now on tho landscape changed more and more from day to 
day; one mountain after another Inomed up, one always higher than 
the other. Their average elevation was 10,000 to 10,000 feet* Their 
crest line was alw'ays sharp; the peaks were like tn^dlea. 1 have 
never acen a more beautiful, wild, and impo^ng landscape. Here a 
peak would appear with somber and cold outlines, its head buHed in 
the clouds; there one could sm snow fields and glaciers thrown 
together in hopeless confusion. On Kovember 11 wo saw land to ihe 
south and could soon determine that a mountain range^ whoso pOEsition 
is about 86'" S* and 163* W*, cro:5$es South Victoria Land In an east¬ 
erly and northeasterly direction. This mountain range is materiiiJly 
lower than the mighty mountains of the rest of South Victoria Land* 
Peaks of an elevation of LSOO to 4,000 feet wore the highest. We 
could see thia mountain chain as far as the eighty-fourth parallel, 
w'herc it dbappeared below thei horizon- 

On Xovember 17 we re&idted iha place where the Ice Barrier ends 
and the land begins. We had proceeded directly siouth from our 
winter quarters to this point. We were now in S5^ 7* S. and 165* W. 
The place where we left the Barrier for the land offered no sp^iol 
difficulties. A few extended undulating reachea of ka had to bo 
emssed which were interrupted by crevasses here and there, Xoth- 
iQg could impede our advance. It was our piau to go due south from 
mi2 —^ 
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"Framhcim" and not to deviate from this direction unlena we Khoulil 
be foitjed to by obal«c-les which nature might place in onr path. If 
our plans succeeded it would be our privilege to explore (joropletelv 
unknown regions and thereby to accomplish valuable geagrepliic 
work. 

The Itninedinte a,scent due south into the mountainous region led 
us between the high peaks of South Victoria Land. To all intents 
and purposes no great difficulties awaited us here. To bo sure, wo 
should probably have found a Leas steep ascent if we had gone over 
to the newly discovered mountain range just mentioned. But as we 
maintained the principle that direct advance due south was the 
shortest way to our goal, we had to bear the consequences. 

At this place we estabUshed our principal depot and left provi¬ 
sions for 3(j days. On our four sleds we took provisions with ua for 
00 days. And now wc began the ascent to the plateau. The first 
part of the way led us over nnow-covered luountiun slopce, which 
ftt times were quite steep, but not so much so as to prov’cnt any 
of us from hauling up his own sled. Farther up, we found several 
glaciers which were not veiy broad but were very* steep. Indued, 
they were so steep that wp had to harness 20 dogs in front of each 
sled. Ijoter the giaders became more frequent, and they lay on 
slopes so steep that it was very hard to ascend them on our skis. On 
the first night we camped at a spot which lay 2,100 feet above sea 
level. On the second day we continued to climb up the mountains, 
mainly over several small glaciers. Our next camp for the night was 
111 an altitude of 4,100 feet above the sea. 

On the third day we made the disagreeable discovery that we 
should have to descend 2,100 feet, as between us and the higher 
mountains to the south lay a great glacier which crossed our path 
from east to West. Tius could not be helped. The expedition therefore 
desrended with the greatest possible sjiced and in an invrediblv short 
time we w’cre down on the glsctor, which was named Axel Heiberg 
Glacier. Our camp of this night lay at aliout 3,100 feet above sea 
level. On the following day the longest ascent began; we were forced 
to follow Axel Ileibeig Glacier. At several places ice blocks were 
heaped up so that its surface was hummocky and cleft bv crevasses. 
Wo had therefore to make detoure to avoid the wide creviUscs which 
below, expanded into large basins. These latter, to be sure, were 
tilled with snow; the glaiier had evidently long ago ceased to move. 
The greatest core was nocesaary in our advance, for wc had no ink¬ 
ling as to how thick or how thin the cover of anow might be. Our 
comp for thU night was pitched in an extremely picturesque situa¬ 
tion at an elevation of about 5,250 feet above sea level. Thu glacier 
was here hemmed in by two mountains which were named "Fridtjof 
Nansen" and "Dun Pedro Christopheiaen " both 18.000 feet high 
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Farthpr down toward the west at the end of the glacier "Ole 
Engf^tad ilmititain'’ rises to an elevation of about 13,00(1 feet. \t 
this relatively narrow place the glacier was vri^- hummocky and rent 

y many deep crevassesj so that we often feared that we could not 
advance further. On the foDowing day wo reached a slightly inclbcd 
plateau which wo assumed to ho the same which Shack'leton d.'- 
senbes. Our dogs accompliahed a feat on this day which is w> 
remarkable that it should be mEniioned here. After having alreadv 
done heavy work on the preceding days, they covered ^19 rnilc« 
on this day and overcame a difference in altitude of 5,700 feet. On 
ihe following night we camped at a place which Iny 10,fi00 feet above 
sea level. The time had now come when we were foivjed to kill 
wroc of our dogs. Twenty-four of our faithful comrade had to die 
ne place where this happened was named the "Slaughterhouse " 
On account of had weather W'o had to stay here for four days. Dur- 
ing th^lay both we and the dogs had nottung except dog meat to 
eiiL Wlien we could at lost start again on November 2ft, the meat of 
10 only remamed. This wo deposited at our camp; fre^ih meat 
would fumnth a welcome change on our return. During the follow¬ 
ing days we had stormy weather and thick snow flurries, so that we 
could see nothing of the .surrounding countnL We observed, how¬ 
ever, that wo were descending rapidly. Fo'r a moment, when the 
weather miproved for a short time, we saw higb mountains directly 
to the east. During the heavy snow squall on November 2S we 
p^sed two peculiarly shaped mountains lying in a north-«)uth 
diction; they were the only ones that we could see on ourright hand. 
These "Hcllund-ITansen Mountains’* were entirely covered by snow 
and had an altitude of 9,200 feet. Later thfy served as an excellent 
landmark for us. 

On the next day the clouds parted and the sun burst forth. It 
^med to us as if we had been transferred to a totally new country. 
In the direction of our advonce rose a large glacier, and to the cast 
w It lay a mountain rang© running from southeast to northwest 
Towiad the west impenetrable fog lay over the glacier and obscunjd 
even our immediate aurrounditigs. A measurement by hypsometer 
^ve 8,200 feet for the point Ijing at the foot of this,' the “Devil's 
GlaciGr,'’ Wo bad therefore descended 2,600 fwt since leaving the 
Slaughterhouse.'* This was not an agreeable discovery as we 
no doubt would have to ascend as much again, if not more. We 
left provisions here for six days and oontinticd our manib, 

Prom the comp of that n^ht w© had a superb view of the eastern 
m^t^ range. Belonging to it we saw a mountain of more won¬ 
derful form than I have ever seen before. The altitude of the moun¬ 
tain wns 12,300 feet; ils peaks roundabout were covered bv a glacier, 
t looked as if Nature, in a fit of anger, had dropped sharp cornered 
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ice blociks on tlie moutite.ui. Thk mountain was clrriatonedTlclmeiv 
Hansen Klauntain/' and became our best point of roferotiRe. There 
we saw aUo the "Oecar Wisting Kfountains/' the ^*01 rv Bjaaland 
ilountainfl/^ the '‘'SYerre Hassel Mountaimp"^ wbich^ dark and redp 
glittered in tho rays of the midraight sun and reflected a white and 
blue light. In the distance the mountains seen before loomed up 
romimticiillj ; they looked Tory high when one them ihrough the 
thick clouds and masses of fog which passed over them from time 
to time and occosionatty allowed us to catch glimpses of their mighty 
peaks anti their broken glaciers. For the firet time wc saw the 
“Thor\’dd Nilsen Mountsin/' which has a height of 16,400 feet- 

It took jis three days to climb the ^MJevil’s Glacier/' On the 1st 
of Decembi^r we had left behind us this glacier with its cterms^a and 
bottomlees pits and were now at an clevatiori of 9^350 feet above &aa 
leveL In front of ua lay an inclined block-covered ice plateau M^hich^ 
in the fog and snow^ had the appearfinc-e of a froz^cn lake. Traveling 
over this Devil's Bail Room/' as we called the plateau, was not 
particularly pleasant. Soutbeoaterly storms and snow flnmra oc¬ 
curred dailyj during which wc could see absolutely nothing. The 
floor on which we were walking was hollow beneath us; it sounded 
as if we wore going over empty barrels. We crossed this ilhisgree- 
able imd uncanny region as quickly as was compatible with the great 
care we had to exercise, for during the whole time we were thmkinf 
of the unwdeome possibihiy of sinking through. 

On December 6 we reached our highest pomt—according ta hypso¬ 
metric tneasurcroent 11,024 feet above sea lovd. From there on the 
kterior plateau remained entirely level and of the aotne devation. 
In 23' S, we had reached the place which corresponded to Shack- 
leton's southeretnost advance. We camped in 25' S. and estab¬ 
lishes! there our laat^tho tenth—depot, in which we left 220 pounds 
of provisions. Our way now gradually led downwwd. The sur¬ 
face was in excellent condition^ entirely level, without a suigle hiU 
or undulation or other obstacle. Our sleds forged ahead to per¬ 
fection I the weather was beautiful; we daily tOTored 17 miles. Kotb- 
ing prevented us from mcroasing our daily distutice. But wo bad 
time enough and ample provisions; we thought St w iser, also, to spare 
our dogs and not to work them harder than nccesaary. Without a 
misbap we reached the cighty-nintli parallel on December 11. It 
seemed as if we had como into a region Tvbere good weather con- 
Btontly prevails. The sureat sign of continued calm weather was the 
abaoluloly level surface- We could puah a tent polo 7 feet deep into 
the snow without meeting with any resistance. This proved clearly 
enough that the snow bad fallen in equable weather; calm must have 
prevailed or a alight breeze may have blown at the most. Hod the 
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vea^r lioen vi^iable—calms alternating with storms—snow strata 
of dm^rit density would liave fumed, a condition wliich we would 
untnedlately have noticed when driving in our tent pokts. 

Our dead peciwiiing had heretofore always given the same reeulta 
as our astronomical observations. During the last eight days of our 
marob wo had continuoiw sunshine. Every day we stopped' at noon 
in order to measure the meridian altitude and eveiy evening we 
m^e an observation for arimutb. On December 13 the nieridian 
altitude gave S9“ 37^, dead reckoning, 80^ 38'. In latitude 88^ 25' 
we hud iKwn able to make our lost good observation of a^uth. Sab- 
soquently this method of observation became valueless. As these 
last obeorvations gave practically the sarao wstttlt anil the dilTorenco 
was ahmist a constant one, wo UBod the observation made in 88® 25' 
as a basis. Wo calculated that we should reach our goal on Decoim 
berih 

DocemiKT U dawned. It seemed to mo as if we slept a shorter 
tmu?, as if we ate Lreukfast in groatcr hasto, and as if we started earlier 
on this mornicig than on the pri«;«ding days. As herotofora, we hod 
efcar weather, beautiful sunshine, and only a very light breeze. Wo 
advanced well. Xot much was said, I think that oath one of ua 
was occupied with hk own thoughts. Probably only one thought 
dominated us all, a thought which caused ua to look eagerly toward 
the south and to acftu the horizon of this unlimited platoau Were 
Wo the first or-- T 

The distance calculated was covered. Chir goal had been reached. 
Qmetly, in absolute silence, the mighty plateau lay stretched out 
before us. No nian had ever yet seen it, no man had ever yet stood 
on It. In no direction was a aign to bo soon. It was indeed a aolenm 
moment when, each of us gre-sping the flagpole with ono hand, we 
ttlJ hoisted tlio Sag of our country on the geographical South Pole, on 
King Haakon VII Plateau." 

During the night, as our watches showed it to be, three of our 
men went around the camp in a circle 10 geographical miles (11,6 
atatiite mSea) hi diameter and erected caima, while the other two 
men remained in the lent and made hourlv astronomical obsorva- 
tmna of the sun. These gave 89® 55' S. We might weU have been 
satisuetl with tills result, but we had dme to spare anf| the a'ealher 
wj^ fine. Why should we not tiy to make our observatioiis at the 
pole itself? On December 16, therefore, W'e tninsportod our tent tile 
romaintng 6} mih^ to the south and camped there. We arrongod 
e^rything as comfortably as possible in order to make a round of 
observatioaa during the 24 horns. The altitude was measured every 
hour by four men with the scstaut aiiil artificial horizon. These 
observations will be worked out at the Univemitv of Christiania. 
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This tent camp scrvwl as the center of a circ^o which we tlrew with a 
radius of 5^ miles [on the circumference of which) cairtu were crpoted. 
A small tent which avo hotl brought with U9 in order to dfsigaate 
the South Pole was put up here anci the Norwegian flog with the 
ponnaiit of the /Vai» was hoiatoiL above it. This Norwi^un home 
rcomved. the name of * ‘Polheim.'' According to the observed weather 
conditions, this tent may remain there for a long time. In it we loft 
a letter a<ldi«aa«ti to His Majesty, King Haakon Vn, in which avo 
reportc<l Avhat we had done. The next person to come there avIU 
take the letter with him end sec to its delivery. In a4ldition, we 
left there several pieces of clothing, a sextant, an arti£cial horizon, 
and a hypsomoler. 

On December 17 wo were ready to return. On our journey to tlie 
])ole we had covered 863 miles, according to the meoaurements of 
bm odometer; our mean daily marches wore therefore 15 miles. 
"When wo left the pole we had 3 cleda and 17 dogs. We now ex¬ 
perienced the great satisfaction of being able to increase our daily 
radons, a measure which previous expeditions had not been able to 
cony out, as they AA'ere all forced to reduce their rations, and that 
at an early date. For the dogs, too, the rations were increased, and 
from dmo to time the\' received one of their comrades as additional 
food. The fresh moat revived the dogs and undoubtedly contributed 
to the goml resulis of the expedition. 

One Inst glance, one last adieu, we sent back to "Polheim.*' Then 
we resumed our journey. We still sec the flag; it atiU waves to us. 
Grulually it diromUhre in size and finally entirely disappeare from 
our sight. A laat greeting to the Little Norway lying at the South 
Pole. 

We left King Haakon Ylt Plateau, which lay there bathed in 
aunahiue, as we ha<l found it on our outward joumoy. The mean 
iomperatiire during our snjoum there was —13** C. It seamed, 
however, as thotigh the weather was much milder. 

I shall not tire my esteemed auditors by a detailed description of 
our return, but shall limit myself to some of the interesting episodes. 

The splenclid Avoather with which avo were favored on our return 
displayed to ub the panorama of the mighty mountain range which 
is the continuation of tbo tAA'o ranges Avhich unite in S6** S. Tho 
newly iliscovenMl range runs in a southeasterly direction and cuhni- 
mites in domes of an dovation of 10,000 to over 16,000 feet. In 
8S* S. tliia range disappear in tho ilistance beloAv tho horizon. The 
whole complex of newly dfscoveretl mountaiq ranges, which may 
extend a distance of oArer 500 miles, has been named tho Queen 
Maud Ranges. 
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Wo fouoii oU of our 10 provision ilopota ag&in. Tho proviiiona, 
of wliicit wo ritislh' bad a auparabuticianoe, were taken with uri to 
the eightieth paraJlel and cached iborc. From the eighty-sixth 
parallel on wo did not need to apportion our ratiooa; eveiyone 
could cat aa much as he dosire^l. 

After an aboonco of 69 days we reached our winter quartern, 
“Franiheim," on January 25. We bad, therefore, covered the 
journey of BM adioa b 39 days, duririg which wo did not allow 
Gurselvoa any days of rest. Our mean daily march, thi'refore, 
amouiitorl to 22.1 miles. At the end of our journey two of our sleiia 
Were in good condition and 11 doga healthy and happy. Xot onco 
had we needed to help our tlogs ami to push the dods ouftclvca. 

Our prockioDs consisted of pommican, biscuits, desiccated milk, 
aud chocolate. Wo therefore did not have very much variety, hut it 
was healthful and robust nourishtRent which built up the body, and 
if. was of course just this that we neetle<i. The Ixst proof of this 
was that we felt well during the W'hoio time aud never had reason to 
complain of our food, a condition w'hich has ocemred so often on 
long filotlgo journeys and must be oonaidered a sure indication of 
improper uourisbmont. 

Duriitg our abfionce, Lieut, Frestniil with his two companions had 
done liXceUent work toward the oast and in tho vicinity of the Bay 
of Whales. They succeeded in reaching King Eciwanl VII Land, 
which Scott had discovered, and in confirming what wc had seen. 
It was found that the Alexandra Mountains are a range entirely 
snow covererl anti with an elevation of 1,230 feet. They run in a 
aoutheastorly direction a.s far as tho eyo can reach aud are hounded 
on the nortJi by mountains 2 000 fnaet high, wluch were named 
'‘Nutakiir” by Scott, 

Tho observations uiada on this expedition in tho ne^hborbootl of 
* ‘ Ff amhtnm'' oi-o of great interest. They resultcil b determining that 
the Bay of \l''halc!i boa a snow-covered bottom. 

Simultaneously with our work on land, scientific observatiotm 
were made on board the Fram by CapL Xileen and his companions 
which probably stamp this expedition as the most valuable of all. 
The /'ram made a voyage from Buenos Aires to the coast of Africa 
and back, ooveruig a distance of 8,000 nautical miloa, during which 
a series of oceanographical observations was mads at no less that i 
60 stations. Tho total length of tho Grom's journey equaled twnes 
the circumnavigation of the globe. Tho Fram has successfully 
braved daJigerous voyages which made high demands upon her crew. 
The trip out of the ice region in tho fall of 1911 was of an especially 
serious character. Her whole complement then comprkod only 10 
men. Through night and fog, through storm and hurricane, through 
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pack ice end between icebei^ the Ftstm bed lo tind her One 

may 'wdl ea)' that Uua wee an aebievement that can be realbied onlj 
br experienced end courageous setlota, a deed that honom the whole 
nation. 

In conclusion, you will allow tne to nay that it was these eame 
10 men who on Februaiy 16,1911, hoistad the Sag of their country, 
the Norwegian flag, on a tnora southerly ])oLnt of the earth than the 
crow of any other ship whoso keel orcr deft the waTes.* This k a 
worthy record in our record century. Ferthest north, farthest south 
lUd our dear old From penetrate- 
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ICEBERGS AND THEIR I/)CATION IN NAVIGATION.' 


By Phjf. Howard T. D. Sc-, F, R, S. 

JfdJtTJ Vnivyrtiti), Uontrmt^ CanaAi, 


[WiLfa 3 pl»iw.] 

OBtGtN or THZ NORTH ATf.ASTIC ICE. 

*^0 icf^be^ met vdtii in the north Atlantic each year are alnjoat 
entirely dorived from western Greenland. The intcnor of Greenland 
is covered by a iarge ice sheet forming an enoimotis glacier, which 
gradually moves outward, meeting on its journey mountains and 
islands which form a fringe of varying width. This mountainous 
belt is penetrated by deep fiords, through which the ice passes 
toward the sea. As the huge ice sheets are forced into the sea they 
are broken off and sot adrift as beigs. The "calving,'’ aa it is called, 
may take place in a number of way». 

Von DiygaJski distinguisheg three classes of bergs; those of tlie 
first class are die most maflaivo of ail, and separate with a sound like 
thunder from the entire thickness of the glacier front. They result 
from the buoyant action of the water as the glacier pushes out into 
the deep water. They usually regain their equilibrium after rhythmie 
oscillation, and float away in an upright position. Bergs of the 
second class are broken off under water from time to time. They 
rise and often turn over before they gain equilibrium, displaying in 
this w'ay the beautiful blue color of the lowest layers of ice, " Bergs 
of the third class form almost costlnuously, and consist of Urge 
and smail fragments which separate along the crovaases and fall into 
the sea. 

The aizo of the pieces of ico set adrift vanea very much; but bergs 
6(1 to 100 feet to the top of their walls, with spires and pinnacles 
from 200 to 250 feet high, are most often found. The length of 
such an average berg would bo from 300 to 600 yards. The depth 
of these mosaos under water is variously given as from seven to eight 
times the height, but this is not always the cose. It is possible to 
I«ve a berg as high out of the water as it is deep below the surface, 
since the aubmeigcnce depends entirely on and not on height. 

* L«!tan Ul* ftuyil nulitulka qf OrMl BrIlAlii, Lembn, Fridsy. U»r 31,1*1*. nE^t«e by 
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It is possibles to fiiiJ berjfs with a pkmaclo risks^ high out of tifl 
WBterj but offering litllo weight to tb& mass below. The highest 
IjDrg in the Arctic which has been recordetl had pinnacles 1^500 feet 
hig h Boigs are produced aJl the year round throughout tlio entire 
extent of the coast Ullt" of Greenland^ but tlio huge toaHac® wliich 
push out into the open sea arise either on tho west comi bt*!.woen 
Disco Bay and Smith Soimd;i or on tho east eoa^t soutJi of the paralld 
of 68"^, Besides tho kobei^ga formed from the Groeniand glaciersj & 
few come around Cape Fareweli from the Spitsbergen Softj and some 
may bo traced from Hudson Bay. 

MOVRMBXT OF Z€E FROM imB JJICTIO REGIONS. 

The Labrador current flows southward along the coaste of Baflin 
Land and labrador. The average rate in from 10 to 3fl miles per 
day^ but occasionally it ceases altogether* As soon as free the 
icebergs find their wa^" Into the Arctic currentp and float gradually 
j^uthw^ard. Tlie journey is by no rneans an easy ono^ end few* bergs 
Bundve. There are many mkhaps, such as grounding in tho Arctic 
Basin witli ultimate breaking up^ strandiog along the Labrador roost^ 
wliero destruction takes place^ and falling to pieces entirely in tho 
open i^ca. Only a small percentage ever reat^h tho Gmnd Bank and 
the luntes of tho tranBallantic linera^ so man}' dela^^-a attend thoir 
journey. It is well known that many berga seen m any one season 
may have been produced several seasoiiB before. Taking the Labrador 
current as 10 mdes per day, a berg once formed and drifting freely 
TTouId make the journey southward in from four to five months. 
The difference in time of two bergs reaching a low latitude may t over 
a period of one or two years even when these start on the same 
day; so devious arc tho patlis into wludi t-hance may direct these 
floating nuiSEies, Undercurrents affect tho lai^est icebergs^ and 
frequently they me seen to move backward against tlie vrind and 
surface water. Extensive field ice offers an obstruction to tho move¬ 
ments of the bergs, hence tho number met with from one season 
to another must depend on the mildness or severity of the previous 
Hu miD or in tho north. 

THE ULBRADOR OURRENT, 

Ko part of the oceans of tho world m of so much interest to man- 
kind this cold Arctic current. It brings down the cold of the 
north to temper the heat of the Tropica^ and thus tends to equalize 
tho tempefature of the world. It is the home and feeding ground 
of the world's greatest supply of fijJi food^ and supports more marine 
life than any other port of the world. It conveys each year south¬ 
ward iho greatest menace to tho navigator in the form of huge iee- 
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bergs, nail it influencthit the cntirci ejistom conat of Canada. In spite 
of all this them baa been little study of thia cutmnt. Why, may we 
ask, littve tlio Govemmenta of the world inigl«;ted to obtain scientific 
data, anil why have they neglected to supply a thorough hydrographic 
survey of this region? I trust this state of affaiis may be scoa 
metified. 

HAN’OEK FROM ICEBBR09. 

To tlio navigainr the presence of ice is a constant menace. Its 
movement, ciften fairly rapid by wind and current, makes its position 
always uncertain. A aiiip may see immense Helds of ice, which 
anotlicr passing over the same locality a few days afterward may 
never encounter. Only those who iiave stood on the bridge of an 
Atlantic liner with the ofllcers on a dark night in the ice track <-aii 
appreciate the anxiety of those tirelftia men, who know* that collision 
writh even a small floating ice mass means damage to the ship. Hie 
small masses railed growlers are often of great danger. They 
float loiv in the water, and leave little above to be seen by the look- 
ouk The Arctic ice Is of great solidity and is of irregular shape. 
It presents frequently sharp edge® which can cut the plates of a ship, 
shear off rivets, or drive a hole through the bottom as readily as a 
steel knife, TJie game of chance is played by every big ship that 
speeds through Um ice track at night or in a fog. 

FKLn icB ANTI rra DiarRintmoN in the oulf op st. lawrekce 

DtmiNd THE WIJiTEH. 

Icebergs are not alone in causing an obstruction to navigation in 
the Tjflbrador current. Field ice, which may extend over ivide areas, 
presents great difflculties. Tliis ice is salt water frozen in tlie hays 
and inlets along the shore, as especially in the Gulf of St. Lawrence. 
Inmienso fields are formed of pieces blown by the wind and miissed 
together in an irregular w'ay. Cliange of wind and tide caus^ the 
fields tti Soat away, TVlicn Boveral fields are blown shoreward 
toj^ther tliey grind and crush together, forming irregular ice many 
feet thick. Frost and spray soon ocments this together into a hard 
mass, almost iinpossihle to break. Floating again, these agglom¬ 
erated ke masses, often many miles in extent, are carried out to sea, 
there to pniduce great danger to navigation. While the Gulf of St. 
Lawrence never freezes over entirely, tliere are to bo found all winter 
floating areas, which take up tlieir position with the direction of the 
wind. As the spring advances these fields become weaker, and 
finally disappear. Tlie lost to open is tho Strait of Belle Isle, where 
towjird the end of duns it becomes euffieiently free for ship n to 
navigate. 
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LIMITS OF REOIOX OF IdlEKJlOfl. 

It has found that in April, Maj;, imd June are the greatest 
number of icebergs. Ttiey haTc been seen as far south tis the iliirty- 
uiuth degree of latitude and as far east as longitude 38* 30^. In 
general, it may be stated that floating ice may be met with anywhere 
in the north Atlantic Ocean northward of the fortieth degree of 
latitude at any season of the year, 

ftUBFACE TEaLPERATUEi: OF THE LABItADOH CUKEEN f IS WIXTEH AND 

During the winter montlia the surface temperature of the Labrador 
current often foils t<? the frecsniig point of salt water, about 28* 
hut H is more often at 29* or 30* F. As the spring advances the line 
of low temperature advances farther north, until in July or August 
the tcniperature on the Grand Banlui towari the Strait of BeUe Ldo 
reaches 40® or 45* F., and gmdaaHy fallfi northward to 29® F* in 
Tlwison Stroite. Tlie surface temperature varies considerably, 
depending on the proximity of ice or land, as wUl be explained 
shortly. No Tneasuiemonts have been made north of the Banks in 
Winter or spring, when the Strait of BcUe Isle u icebound. Reports 
of the temperature of the ice track are frequeutiy given by sea cap* 
tains. Results as low os 22® F, have been ahown to me, but I believe 
these to bo impossiblep and due to somo eiror of measurement aridng 
from the crude method now iii vogue on our Atlantic linere. 

INFLUENCE OF ICEBEBOS ON THE TEMFEnAXTTBE OF THE ERA. 

There can be no question but that icebergs have on impcrtoJit 
inQuonoe on the temperature of the Bea. Composed of frosten fresh 
water Dom the north, they melt rapidjy when they drift down to the 
warmer w*atoi^ of the Bants and ’when they reach tlie Gulf Stream. 
On account of the small conductivity of the water, no appreciable 
cowling can result from this cause. If it wero nut for tlm currents in 
Uie soa and the circulation set up by the meU ing l>eTg, no cooling effect 
would be appreciable. That Utcre is a small cooling effect hna betm 
shown by captains and othera, but thb has not been made use of for 
telling tile pro^dmity of ice with any success. ^Yhat is calied salt¬ 
water ice—that is;^ ice formed by ’the freezing of salt water—conlains 

tiinaJl trace of salt ixt Its composition and frequently holds salt 
mechamcalljp but there is ’very httle diffcnenjco in the purity of the 
ko. It k well kno’^Ti that water in freezing expels all the impuriui^, 
hence it is erroiieous to eay that salt-water Ice floats under the sur¬ 
face, What is called salt-water ice is really the same as field loe, and 
hi exceedingly hard to break. Its structure is not uniformp andj 
composed often of irregidar broken piccoSp It has no line of oleava^. 
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FEirEHSSON's THEORY OP lOE MZLTTSa* 

Dr. Otto Pctl<M*ea£>ii hii3 for some time sHown experimentally that 
ioe meltinnr in salt water produces tliree currerits {fig, I), (!) When 

tUc ice melts it cools the salt water, which SLfiks down by GonTectton. 
(2) A stream of warmer salt water moves in toward tbe ice, giviijg 
rise to a homontal current. (3) The melted Ice consists of fresh 
watcTp which does not mix with th© salt water on acw^jnt of the dif¬ 
ference of density. Thb frcsli water rises around the ice and F^preads 
out over the surface. The ice becomes surrounded by a layer of 
fresher water, which tends t-o remain on the surface. As the ice 



moires the fresh water moves with it. Waves do not mix it \rith the 
salt water, but leave it practically unaffected. Fetteissoix belkvee 
that tiik conciliation has an important infiuence on the curoenta in the 
sea. The lower density of a diluted layer prevents the nonnat ver¬ 
tical circulation in the $ea, and causes characteristic temperature 
effects, 

loeberga w^hich have been left high and dry on the shore by the 
tide show the action of the melting, Bergs which become top-heavy 
ftnd turn over also bear evidence to the underwater citrrent producing 
the melting. The form of the ioe shows a deep furrow running oU 
around where the melting process has proceeded, end this is often the 
caufio of the rolling over of a berg to find equilibrium in same other 
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pwition. TcebeT]g8 rtrc often in on exoeefllngly umtuble Rud 

tho slightest increase in wind or sea disturbancn causcfi them to break 
up or turti o^r* This is one of the xeasons why capt jilQs always go 
ae far away from them aa possible. {See the Appendix.) 

SIGHtE, or Tim FROXIMITT OF lOE. 

Since the earliest dej-s efforts haYo been made to find some incaiLs 
of detecting the preapnee? of ice. To those who huve had many yean?' 
exporienre in navigating in the ice re^on the presence of ice is 
made known by a number of effects. Before see can bo actually 
seen there U a peculiar whiteness ohsenred around the Insrg on a dork 
night, except in the ca^e of dark bergs. This is called by marioerst 
the ice “ blinks It is caused by the rcQiijetion of the scattered rays 
of light from the sky from the white surface of the berg, Thius it 
is n contrast between the black absorbing water, which reflects none 
of the light, and the icot which scattera nearly ail. A dark hei^ k 
tme casting & shadow toward the ship. Wlien the light comes more 
strongly from any particular part of the sky the iceberg often can not 
be in certain diPBCtiom^, while dearlj visible by the ioo blink in 
nihem. Thk I bcheve to bo the reason why the offieem on the 
ritanic did not see the berg soon cnouj^ to stop. It ia stated that 
on a dear day on the horkon over the ieo the sky wili be much paler 
nr lighter in coIoTi and may be distinguiahcd from that overhead. 

During foggy weather ice can sometimes be madD out on account 
of its darker appearance. In this case it is a contrast effect ugain, 
hut this time it h the shadow of tho berg against the white shadow- 
less fog particles. 

Icebergs are soroethnes detected by the echo from tha steam 
whistle or foghorn. They are also frequently heard for many miles 
by the noise they make in breaking up and falling to pieci^. The 
cracking of the^ ke or the foUiug of tbe pieces into the sea causes$ a 
noise like thunder. 

The absence of swdl or weaves b somoiiinea a sign of ico or land, 
and the presence of flocks of binds far from land Es an indication of 
ice. Tlie temperature of the air usually falk as ice is approached^ 
and mariners d®crtbe a pecuhar damp cold ag dbtingiiighed from 
the cold caused by a change of wind. I shall dbeusa the fall in 
tcmp(>r»t.nro of tho sea os ico is flppcvncheft in wliat follows. 

FAiLL'Ki; OF PBiiTious xirrouTs to make use of teitpebat.tee 
CEiAKOES isr THE SEA. 

XttVtgatoTs place no reliauco on tempera tmo xnMauramenls. As 
a matter of shipboard routine, the temporature of the water is taken; 
but \’oiTr little, if any, attention is token of it. The mfithod is to dip* 
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a canvAB biicket over tbo sicli* unci bring up a sfimpla at sea water, 
the quartermaster then inserts a good household therruometer in the 
water, waits for a few minutes, anti then reports the reading lu 
the bridge. The thermometer is usuaUy graduated in 2“ inton'als, 
representing a lengtli of stem about unfHeighth of an inetu The 
in terra] of time between the dipping of the water and the report of 
the reading maj be anjihing fwm S to 10 roinutre. In the mean- 
tune tJte slup has sailed some miles beyond the point of obserration. 
It is not surprising, in the light of my results, that no value wlmtever 
can be uttnched to measurements of this kind. As an example T can 
quote from a standard work on navigation, Capt. Leckj-'s 'VVrinklffl 
in Practical N’avigutbn, fifteenth edition: 

Allied to teg ia the qustion of dinger ffnin fee. It b a popular dfJuston amoag 
pononger* on btmid afaip thot by (jikiDg the tntnpcnitiiK of the jssn surfBce at nhort 
inten.-nb the opproiKh to ice b nri&iliiigly iudicmted. rafcmunatoly «ticb ie by no 
mmne the iu:l, and reliance ^eteon invila disaetor. ITtro than unJinartly coW 
water ineccly ebowe that ihe ehip is in a pnrt cf tho ocean where ice may penjbly 
be encountered, and not ibai It £|i acuinlly preecnt. 

By kind fiembvion.and on tho uDexceptionil authority of t'apia, fialkntine, Dutton, 
and Smith, of the Allan htait fitaaiiuhip lilue, oU men of high standing in tl»e prefo* 
aitm and well acquainted wilh i™ na^Hgotion, it ia here atated That no uppreeiablo 
difTerenec in tho tempemture of the aoa aurface is caused by tfao proximity of oven tho 
laigeal ieobctfi, and when ono toniidora what a poor condtictor of heat water la their 
Mi^tnFTiit ean bs well betifl^ved. * * * 

In a letler to the author, Ijird Kelrin aajn: "Tha conducting power of water ia ro 
amall that there would bo abtiolutely no cooling effect by conduction to a diatance 
Irom on icebetgj but tharc might bo i considomble affect by tha cold aad light fredi 
water ninntng down from the kcbeig. and rpreoding far and wide over the ouifnce 
of tha sea." 

Thii BceniR a nnanubla rappoaititm, but h u mens than likely ibat ibe film of cold 
beah wtor Would be bmkeB up by the agitation of tha wind ud wavw, and tn any 
ca» diuturbed and tnnmd over by the plowlike act ion of a vemel'a bow going at apaed. 
Dnder thsaic cireunutancea tho hydrometer would ba no better than the ihcnnometar! 

Again, It b well known that about tha Banka the Labrador ctlireat {BSomeb'infs colder 
when no ica u to bsann than It b when the contrary ia the case. In winter ita nitr^ 
tetojwnittire even fiilla to 78* F. Laiga icebergs haw been actually p*MHd at a dt»- 
tanre of a quarter of a mile, and the Ma-eurhice tempeiatiiie teetad eareiully wjtlioul 
^Ing a tiiisfU ttfgree of dt/rmw from what provionaly existed when there were nqoo 
in light. 

It may be fairly awumed, thcrefoin>, thnt no reliance b to bo placed upon the ther- 
mornetar oa an nnmedlate or direct means of dotoctlog the presence of ice, especially 
when it mkcB tho totm of .tray haigs. In fog it trill .Imply toll you when the ship 
Mfl the cool ouit^nt, whioh inayf er not, bo ic* bcyjJu^, 

l>r. W, Bell Duweou, director of the Canadian hydrographic 
sur\'ey, hiw made a study of the tcniperahira effect of nii iceberg^ in 
the Strait of Belle Isle. In his report to the departmenl of maiino 
ami fisheries, in 1907, be says: 

- fruipcmfu«._On August 7, ISM, an imusimlly W 

wiA Rginuiid in 57 Inthonu of CtiKtoku Bsiy. An nuatmiDeaLiil sun-ey mudn 
in A bwt it t* ba 750 feet wide, nnd 105 feat high. Tho wuiter 
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<H 1 diffoTTOt py« Wftw 3»^ 37% and 37% at dHUanea ranging fmn 130 
to 1,320 Iwt rrom it. On Ulat djiy tho water tempmttjrc, on a ItP« limn Cbiteiiti Bajr 
to Belle lele* WM MY" eff ito mfluth of tlie bay^ in tlie middlcp^ and 41* oK the 
«uih f>nd el BoUb We, It wan loweied Iw than 2% Userafotep in the presimity of 
thp keSMif. 

Tbe neat day, AtlgUat 8, & Email icebetg wan aground in Chaican Bay, The water 
teropeTatiifc in tho midElle of the bay wan 34^ and at the moiith The iDwisai 

tetnporatnuD ckw to iho Icebeig was 33i% which fhows a differenco of not lOorQ than 
1* dae to the ictibcfg. 

In 1906 an koWtg iJbaut 140 fwi lung wm agmiind in 38 tflthonkfp, ahoot li lOilea 
htmi Rtmtion T, whem it rpmained farao^-oral day^. On Juno 19 it waa ex^ined in a 
boat. The atir&wn tempermture in the emit at tho time waa 35i^, and eloM arontid 
the boFg it wurt k^imd te bo tho aaiucp axcept on tho wi?at ddo, whofe the water tailing 
from it with die flwd wan 35*. There was thMaonJy one-haJE dttgf&& dtflarenco of temr 
ponittiM In be fennd near it. 

It b clear that tip to ihe time of tho oKpi!!riiiieQt4v with the miem- 
thermometori m 1910, there ’v^ns good oyidetioe to ishow that Oie 
ordinary thennotwetor b useless to detect the small temperature 
effect of art beberg. Henco eaptflinB are correct in their statement 
that the shipb thermometer b ttsdess as a means for locating on 
iceberg. 

THE hECORDIJrG MICTlOTBERMOMETIia. 

The development of the recording micro thermometer has been 
the result of nearly 20 years* osperience in the study of minuto 
tompomture changes in the ieo-boaring water of Uie St. Lawrence 
River. By applying very senfiltiTe electrical-resbiance thermonieteiSt 
it haa been poesiblo to show that tho temperature of tho St. Lawrence 
in winter never varies more than a m i n ute fraction of a degree from 
the freezing points The small variatloiiG that have been obscr^^ed 
and measured arc the result of heat exchanges when Ice b pr>^eot, 
and they accompany the formation or the dkintegration of the ice» 
The delicate pobing of the forces of nature are hero wonderfully 
iUustratedp A few thousandths of a degree on either side of the 
freezing point of tho riTer water produces immonso phyeioal effects 
Thus the character of a river may be changed in a single nighty or 
the wheeb of the largest hydroelectric atation completely stoppod by 
a drop of a few thousandths of a degree in tlio temperature of the 
water. As a result of thb knowledge it b now possible to apply arti¬ 
ficial heat around I he wheels and gates, and c-ompletoly prevent any 
trouble from the sticking of the ice needles drawn in by the water* 

Four years ago I undertook some experiments to study tlio ioo- 
breaking operations on tlio Sl+ Lawrencoj end to detemuno the effect 
of open whaler oonditiene on tho temperaturo of the river# During 
this time I turned my attention to a practical form of electrical- 
resistance thermometer, which conld not only easily measure thou- 
aandtha of a d^eo but automatically record them on a chart when 
working from the icc breakers going at full speed. Following out 
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ido*s which I h«d derdopod along these lines, I deTiacd aa instni- 
meat which has proTed so satisfaclcrv and tnnstworthy Lhat I have 
given it tho namo of the microthcmiometor. 

The thcrniomeUir bulb (fig. 2) consists of oonoeatrio cylinders of 
copper tube about 0 inches lung and -t inches in diameter. On 
Lho surface of the inner tube the csoil of resistance wire its wound- 
The (lulor tube fits eloadj over this and the ontjs are soldered 
tagelhor. This makes a winding which affords a krgo cooling 
satfaco and is exceedingly sensitive to toaiporaturo rhimgea, Tho 
coil cotisbts of 250 feid of largo size iron wiro^silk covered, and has a 
r«s!stanro of approximately 125 ohms at O'* C, 1 uaetl iron wire for 
two reasons, its cheapness and its remarkable steadinews of eero 
for ice temperature readings- The larger siro wire enabled me to 
apply considcrahle balteiy |»wcr without appreciablQ current beating- 
My experiments with platinum were moat unsatisfactory. There 
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waa great current heating and changes nf 2ort> whkh tm yet I haire 
not boon able to explain. The iron wire uMmlaUia im iuvariahlo zero. 
"^Vhen iron u heated over 50* C*t ho'w^over, its zero does diange and 
only ho restored by cnoHng to a low temperature^ It appears 
that there must be some internal tooloculor change in the iron 
above 50“ C. whicii ho^^ not as yet heen aiudlods 
The eofinectiog wires from the bulb paiks to a lend-E-ovcred cable 
of fovir strands, as in Cfdletidar’'8 compensating method^ and tluoi to 
tile rocordcrj which may bo a good Oallondar recorder mlh the 
galvanometer removed. The gidvaiminetcr actually used coosiets 
ef a jeweled'beating D^Araonvab of sjtedal design^ of about 300 
ohms resistance- The bridge wire may be interchanged so as tfi 
produce different scales. The one I have fomxd useful is S inchcfs 
long, and gives a range of 1 * over its entire length, 1 have used 
also one giving half a degree, and lho rccsords are very nearly as 
perfect os with the 1"^ ranges Other Tiirest ^ving 4® and S®' intervals 

mz—^1 




















726 REPORT ^MlTBSONIAX l^STTTTmO^^ 1512. 

uro frequently vifieful- By my arrangemflut it is possible to syfit^ 
from on* wire to another very quickly. The 1® soule is essential in 
very cold water* but for warmer water the coanser scale b nere^^iry. 

The thermomotef may be connected so as to read the temperature 
directly, in which case the reaiataneo of the bulb is compensafi^ by a 
knowTi Ttsaistanoe box. In this way the value of the resistance 
fTOtti previous calibration gives a measure of the tcrEiperaturP. 
The therTnometer bulb may also be connected ditTerciitmUy ^ith ii 
second equal bulb* and only differcnooa in tempetalure rocorded on 
the cliflTt. This method can be applied to give the clilTereuco in 
te-mperature botweeu the bow and the stem of a slup. Thus a 
ship so equipped could net possibly run into ioe as long aa the bow 
thermometer whsi equal to the stem thermometer- 
In order to measure the temperatuio of the river or sea water 
the ihcrtnometer bulb can bo trailed by guy ropes nloiig^do, and 
the lead cable earned through heai-y copper pipes up to the deck 
nf the ship- From there the cable can be carried to the chart- 
Imuflo or other couvenienl location. The thormomoter bulb may 
^ho he placed in a tank fed from the circulating water m ^e cn^e 
room- This method is desirable on a fast moving ship or in regions 
where much fioating is about- 

It will be seen that the microthertuometer h a refined eloctrioai- 
raaktance thenuometer. 

raACTICAL Tlti^TS or THE lIICROTliERMOJiiETnR. 

Realizing the great menace to navigation in the presenea of ice, 
1 TVfl-'^ anxiims to find whether refined measurements of the tempera¬ 
ture of tiw sea could be used to warn n ship at iiiglit or in tiiiie 
of fog. 

As a jirelmunary trst of the ttemitlvencsa of the itistniment, I 
had somo experiments made in the St. l^wrenca River during the 
time of the ice-breaking work- ■The (?. G. S. Lady ffTcy, having 
cleared out the ice from the channel as far as Ijdce St. Peter fnmi 
Quebec, was detailed to steam slowly up the river toward the 
unbroken ice fihoet iu the lake. The ed^ of the was rihiiri> 
and wcU defined, and extended out ftom the shore along tho banks of 
the Tiver- The current of the river flowed from under the ioo m a 
sli^tly diagonal direction* so that, steaming in the open water, the 
cummt flowe^l in sudi a w'ay as to pass under the edge of the shore 
ire. The ship started 2 mili^ below the upper edge of the icc* and 
lupasurements of temperature were taken at intervals up to tho ice. 
Figure 3 shows the character of tho temperature ciirve obtednedj 
and illustrates liovr accurately the mictolhcrmomcter registers even 
fill small a lermiseraluro change as one-tenth of a degree por mtla 
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Plate 1 



The MiCnOTHEnMOHETEq IN THE IjLJHOflATOflV f%EADV FDft TeSTINQ, 

Till* liiftlinitriQiii will pubibim^litally TVTonl ihf vtPP-IbniiMilHilth ol a of t4!ui|Kratqji^^ 
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In the low^T ptirt of thfr diagram a map is shown ^ving the ertgo 
of the iee, tlie ship's courso, and the direction of tho current. It 
will be seen that the temperature is everywhere a measure of Ihe 



Having m datermined the presence of the ice sheets even in water 
less than one-tenth of a degree above the freemig pointy I detcrmitied 












































































The thermometer was placed over the side of the ship, tmmecsed 
to ft depth of about 5 feet, and a record of tempfirature was made 
through the Strait of Belle Isle, along the Tjabradorecast, to Hudson 
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Bay. The recoitiiir wiis plated in Mr. King^si Oidiin^ he could 

obeeiTP thp cfFect of ic* and Itmd. Sevora] icebergs were piissed in 
the northern ioumeyp ftt fi.€li5tiince of ahciut half a milej and these 
were iWrordiMi on the chart by a rapid fall of temperature of frem 1® 
to 2* as the borgs were appmacbed. It was found as the ship 
drew near a berg that a rise of temperature took place fimtp fob 
loweil bY a rapid fall. On the microthennomet^'r tlis effect was 
clcarh’ shown, but would have been missed entirely od an ordinary 
thennometer. I haTC this peculiar rise and fall of temperature 
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to obtain measurements of the sea temperature in the vicinity of 
icebergs. In July, 1910^ the Canadian department of marine and 
feheries kindly granted me facilities for doing this on the iGO-l™ak- 
ing steamer Stanley, proceeding to Hudson Bay with a survey party. 
My a'sdst&nt^ Mr. L. King, undertook the ob^errations during this 
tript anil an account of the work was published in my report to the 
CToremment. 


the “iceberg eifect/^ and it eeems to bo char act eristic and easily 
distinguishad from the small oacillations of temperature found in open 
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sfrft. It wai3 suppd^d lii^t the icaberg effect was caused by the fmh 
water observed by Petterajjon in his tank e.^peiinieDts diluting the 
sea wateri. and creating a blanket of Hghter water m which the sun^a 
heat is absorbed. In the open sea the w^armEng of the sea bj the suu 
is offset by the Tcrtkal cireulation^ but in the fn^her and lighter w^ater 
this is impossible^ and tlie warmer water remains on the surface^ 

PlSTUBBrKG INFLUENCE OF LAN1> ON THE TEMEEHATUTi^ OP THE StA. 

One of the most interesting results of tljo Hudson Bay experiaients 
was the effect of land on the temperature of the sea. The coast 



FeO. A^MlClLCTTUimfriJUlf Or the ij ^pwan EmCT nOM KfiOUJtlff UJlQI OM TtiM 
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of Labrador appeajs to exert an influence in turning up the colder 
undercurrents of the Arctic stream. Thusj whenever the ship 
steamed in tow^ard the coast line the temperature was found to fall 
I® or 2®. The limit of the influence appeam to be about 5 miiea. It 
has bt^en shown by Dn Dawson that the shoals in the Bay of F undy 
influence the aurface tcm^ieratureSp and this is in accord with the 
present results. Taking thk into consideration^ it appeam that the 
luicfotheminmctcr may bo of great semce in telling the prasance of 
land and ahoahi from a ship at sea. Figuru 4 shows tba effect of the 
coast Unc of liubrador in low^eiing the surface temperature of the 























obtlUilf'il * cdntmuom record of the tempemture of the sea from 
naiiftix to Bristol. Through the kindness of the Catiadiiin Xorthem 


730 ANNUAL EEPOBX SMimSONiAN l^WnTUTlQlSi, 


TRANSATLANTIC KXPELHIMaSTS. 

During my trip acrosa the Allantic early in May of thk year I 
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StoonishipCo., 1 ioatollod the inlcrothermoiiiet«roatfiei?oj^Z (7«or9r, 
and for3,000miles tbs instrument fmthfully recorded the tioupenituie 



variations in the sea. In these experiments the bulb of iho ther- 
Qiometer was plaeed in sea water drawn continuously from the 
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circulating ’ivAti'r f>f tW engiDCft ftt a pumt within a few f^t of tho 
intake mouth, tutted about Ifi foot below tlio w'atcr linci The wires 
passed through the engbie tooiu to Chief Engineer ilcQuitty^s oUicc^ 
wheio the recorder uitiinted. The course followed w’as ifouth of 
Capo Race to the south of Irelimd. 

The result of theeo experiments brings out seTenil points of iinpor* 
tancPH Tlie iceberg effect clearly ohtainori w^heti passing, early 
m the iiftt‘rao<mj int^i tho ice track. Figure 5 shows this very avoU, 
even ill water nearly at 32® F, The ship's course w^aa alti^re<) here 
to avoid a largo berg^ and w'hen abeam of two immense iceborgiy aitu^ 
ated approxiniatuly IQ miles on either side of the alup, the micro- 
thermoineter ahow^ed its minimum reading, and as tbe bergs left 
behind tbo temperature rose rapidly to a maximum, fell off ogaiu,^ and 
then rose etcadily. No further See was encountered until early tbe 
following mo rmng, when several ioeboigs were passed in water measur¬ 
ing approximatolj''37* F* 

Tbe sudden change of temperature on passing out of the Ai^tio 
current into tbe Gulf Stream was clearly marked. Here a rise of 
temperature of nearly 10* was reccirded in a Uttie over half an hour. 
The great steadiness of the temperature of the Gidf Stream re¬ 
markable, since for hundreds of miles the variations w ere not more 
than a qimi'ter of a degree. The complete absence of any diurnal 
variation of temperature was dearly marked. 

The tests have shown that laigi" variations of sea temperature are 
caused only by some abnormal condition. Thus land affects it> ice¬ 
bergs produce characteristic disturbances, aful current boundaries arc 
dearly ehowm. Tbo existence of a submarine hot spring w as indicated 
w hen passing over the great w all of the continental shelf about 400 
miles from the Irish coast. The bottom of the ocean rises quickly 
here from about 3 milea to one-thinl of a mile. Just over tlds wall 
tbe t^pcratiire rose rapidly to a sharp peak about 1wwmer than 
the Burrouading sea, and imraodiateS^' fell again. Figure 6 show^s this 
tlislnrbanee very clearly marked. It shows the peak superiinposed 
on the small variationj^ characteristLc of tho open sea- 

Nearing the fririi eoiist the vuriatiofis of the sea temperature 
bec'amc more marked, and this commenced at a distance of 200 miles 
from the shore. Figure 7 i bust rates this very well, where the vari“ 
aiioiia may be seen to bo much larger tlmii in the provioua plate. 
Figure lihows the effect of drawling near tho Fast net lighthouse, 
which ivas passed at a dbtaJuce of about 4 milca. Here the tempera- 
lure rose as in tbe iceberg effect^ and then fell aa the ship was al^cara 
of the nearest point of land. The temperature then ia seen to rise, 
m hmd w as left Iseliiiul, through the Irieh Sea. The approach to 
Lundy bdauil caused the temperature to rkc rapidly again and than 
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fall fla the ship p&saed Abejuu of tho jaland, about 300 yards. The 
affect is hero more nuuked thau in the case of the Fastnet, but )t 
must be remembered that the ship passed much closer hi the fonuer 
case thou in the lattar, The proximity of the EngJiaK coajjt caused a 
rapid fall ol temperatiire, as shami in tiguM 8, when the ship waa 
onJj' 2 miles off tho Somaraetshlre coast, steaming up the Qriatol 
ChanneL It is probable that the rise of tempemturo in both cases is 
duo to tho effect of freah water from the land floating out over the 
surface of tho sea and diluting it to a considerable distance. 

Early in June, since giving this address, 1 was enabled, through 
the kindness of the Allan Steamship Inno, to obtain messurementa of 
the aea temperature on tho northly route from Ireland across the 
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Atlftntit to Cape Hace and through the Gulf of St. Ija^TeDco to 
ilentroal. These charts^ vhkh I mtond to publish lator, completely 
confirmed tho previous Durmg fog in the ice track the ice¬ 

berg effect wa^ clearly obtikined^ and later a iBige iceboi^ waa dis¬ 
covered ahead ^ 

The iMber;^ all produced an effect in the molrumeat^ even those 
passed at dkt^tites ranging from S to 12 miles. Tho temperattire of 
the water through the ice track was between 40* and 41* F, Even 
when parsing within a quarter of a mile of a berg it was only 39*, yet 
by tJie iceberg offeetj L e+, tho sharp me of temperature to a max^ 
mum above the sea tampamture^ the mffuence of the berg could bo 
clearly seen^ TMa shows very well that the actual tomperature of 
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the waier is not a guide ha to the projdmitj of ioe, not only boi-nuM 
this may bo naing und falling, duo to other causes, but beoauso in 
different aaaaonsof tho year the arctic current is at different temperar 
tures. The yariation of temperature as ice is approacluxl is, hovi'evor, 
uninLitakablo, and this tho inicrotherniometor baa invambly indi¬ 
cated. Should tho ico bo found in a locality vharo variationa duo to 
other causes are found, the iceberg effect is so charectorisdc and 
sharji that it will lio auperimposed on tho other curvo in such a way 
as to 1)0 iinnustakablo. < 

Nearing Capo Jlaco tlio tomponvtura foil rapidly several degroea 
below the surrounding sea temp^'rature. Froah-wator riyers I lowing 
into the St. Lawwnce, where tho watcTH were salt, ]itoducerf tho 
iceberg effect, thus indioating tho probable cause of that phonometioti 
us being due to the water froin the iceberga dhuting tho salt water. 
(See Appendbe.]) 

THR PllACnCAL LOCATION' OF ICR. 

Tho important question arUes as to how an icoborg can bo defi¬ 
nitely located by moans of tho microthcrmomotcr. The OKact 
position of a berg ahead of a ship in a fog Is oi tho greatest importance 
to determine. In gonerul, h may bo said that au iceberg wU! make 
itself lelt in tho firat place by a rapid rise of tomj)oiaturo as it ia 
approached. In the immodiate vicinity of the berg tho tcinperatiirc 
fjdls quickly. The first w'aniing will be when the touiporuturo bogina 
to mount up tho scale above tho surpoundjiig sea temperature. In 
regions whore icebergs are in dose pioximity safe navigation will bo 
found possible, since no isothermal lino can toad to an iceberg. 

In oonehisioii, I wish to imprees upon the reader tho importance 
of the fact that tho actual temporaturo of tho water in the ko track 
k no guule to the proxiioity of oi'eu tho largest kebetg. '^Tlie oxpa- 
rionecs of north Atlantk aea captains alone testifies to tho uselessness 
of individual observadona. It k to tho small variationa of tompera- 
tuT)) wo must look for tho infalilblo guide, and by moans of tUo 
character of those variations we can dotonuino the presence of ku, 
land, or currents. 
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APPENDIX 1 . 



Duiine Ibo summer isf 1&12 I hud ui c^ppmuaiE^ <»t fliimuninH in dfitall the tem- 
pontufi? effects ot icelh!tf?, Tho C^uuulUiit GcrvemnieMit placed ito 
calmiLi my diapai&l foir the tcsiB^ and tJlpee weeks wcifl spect tluough the ^tnJt cl 
BalJt liilo, Careiul ticcwds were msde of ihe tempeiaiiLre eflects of icebeiBi ujid Land* 
Theae? have idiowti condiuivdy that st u the rke e/ tmptrcHin^ whkih ia ihe 
diivcE. ietion of the melting ieeb«^, md that wlien n fall of tempcmlure is obe^n^ed 
ntar In? it is due to ihc inlion af a colder t urTent in whidl the iceberg h floatings and 
b mt due to the cgoling mHueore of the Cooler cumnts loay exist Unou^ui 


Eto. a,—itsofEnn^ Lurti aso^jvu leuiEic. 

the Anctie eUTTont, whether accocaptinled by i<re or not, but the preiaence of iho ho 
Cii^fii a E 43 QI, qf wnfmer WQler tn accumulnte for n c^mstdeinhio dintatice about it 
Tho icehergB I studiod fn the Stmit of Bdlo Isle and off the wtem CiUil of the 
Lntsmdor current ehowed no oppreemhlo cobliugr oven within a Ittw 
y*™ of thom. The rise of tempenture approving an Rotated berg was isocnewliat 
2 * C. Ill figure 9 I show the bothemui lines about n tf pica] berg o3 the owtefn 
end of the Strait of BoIEe Islor TTiis diagtam was obtained by ormnging A number 
of coureoa for the ship from mil sides up to 4 mdius of 0 milai. 

As a good Ltiit^mitiou of how iceberg)* and eroTipa of Icebergs offoct the wjutor Ecm* 
P^mttire I ahow a DiiceQthurmogrmm in figure 10, takoP bom the reechtdii made pawing 
Westward througli tho Strait o| Bnllu Isle^ In every obsd the npptottndL to ice cnujksl 
^ Hae of tempenatum . 


Letter whom Phof. Bauveh to '‘NATuns,^’ On tuk ntsR or tevf&iiatdrr 
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[t4ti£r to Ninui^ poTiiiiM io iii-A- bsEte 4r £N«. u, iita^i 
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l'li« ^pljuiatiiin of llik vhich I g&Tfi at my Friduy diacolltae at tbe 

In^iititiem but May vtA faimdad an P4ttci»Tv'R thitory of ic4 melting in aalt 
water. By tbitf thoety^ wblch can «#ily bo verified by a erinple oKporiCQOOiL lea 
moHirig In mil wat«; pmdDoea difoq emronts: (1) A rinnimt of salt water cooJod by 
(bo Ito wbkb ^nleyt downward by grAvityp ( 2 ) a cnm&Dt af wann m]t water OowUi^ 
toward tbc lco+ and (2) a current o( ligbt froah water from the too rising mud apreadlnif 
oui Wf}t (bo tftir&neo o( iho mlt mtor, 

I at fimt tbooybt thmt it vwa tbia niilbce cunwnt ol Iroih wmtor tbmt influenced ih# 
niiLtothtitmomeLcr. Tho fringe of tbu li^rbter water wouJd bo warmer tbaa tilo aa 



lUtmzixa. 

wmler tm mocciint of Lfao mk^ of the s]m mud oemttend mdiation^ which is very tatruo* 
ml Tbe bghicr water would rotmiii the beat becmtiw it ccmld not mix toadity with 
tho mm water. Soar tho iceberg I <™aidorod that a Ml oF tcffipeiatim wodd MuJt 
hvm ibo cooUii^ bflmsoeo of the eur£ice cumuit ol Frofbor water. 

My recent terto have ebown, bonwer, that an iecherg meltn bo nLowly I2imt Utllo 
eEectof the dnution «iii bo dotijcl^d^ ov™ Hgbt hi^ido tho berg, I took a number oF 
oamplei^ of om water fttdiFFeroiitdbkCaUcesfiftiifi icobgr guBJi weli i n fc-wn far frainL 

hw. these miupies I cawMIy bottlod and bmu^t homo to tbo laboimi0ry, where 
they Were coosi sccuiately t^ted by the electHc condiictivi ly method io the pbyeh?iH 
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cR^^ica] dcputlDent by Dr. ^clntadi aod Mr. Ottc* Xa pcnqble ^mr rould 

Tixult in thla ny, and th^ iofta b«iiig arrldd mii at a eoiiBliuit tcynppmttirD nndiiF the 
most fa^'^jrable ciitrumstajaciB tiicta u no khod. to doubt tb{*Lr corroctikeaH. Tha 
compofiMii flbowa llttlo diJiation doe to tbe Iccbc^^ which to ^bow how' i^ulckly 
tho melted water Item tbp betg h miiMl with Lho hca watpf^ l^ui^ v^inatlocia weto 
found at dif^mnL pano oI the fl^a i hF?^ wetv Dhuuml fin lKp {Tru^itimfity of \ce. 

It k evident that an tceboig in melting caum only two of the PeiteiBKni ciurenbii 
i+ 0 ,^ a cold ctiTTOJit wbicb ainka dowTvwnrd cairyii^ with it rowt of ihc meLted ico 
vatCFr and a bpni:nnul mirfiict} cuniml of ha water flDwin^f In taward the Ece tn 
It? mpldikg. By thk mcana wo ehouM expect the ua In ihc Immediate prn^Iinity of 
coberpt to b« wnmifM than furthor away^ bncAiuo the aca aiirhico cujtent L-i movi ng 
in toward the and doea not aharo in the nonml vertical circuiation which tondfl 
to kieep ihff aea anr^c t4?mpetatum cooler^ 

The iccbciFgt In caualn^ its own current of warmer wnteTt providoa lor il? own difiin- 
te^tbo. Ahundaiic cvidmu.'c m at hand to ahow the melting; pmeen going on under 
the water lino. 

In my obacrvatiiws q( icob«i®tf f wai groatiy *rtniclc with the boge otTmunt of air 
dueohn^ In the bo. Tbo white color ol tho berg la due to inniunorablo air hobble 
in Iho IcOp and not to mow on the aurfaco. An Icebotg k voty deceptive in this way. 
While it looks quite soft, Ifl ^ ao to make It di^ciilt to chop with an tue« 

Ice wnlcT which I prepared for drinking on bofkid diip with iceboig ice appeared to 
eflm'^epGD like soda watery merely due to the lihcmtion of the air from the melting ice. 
It ia poealblc that iho sudden dlaappcaznnce of heigs with a loud report is due to their 
mcploaion btim acctiraulntcd nir in tho intericir. I praised cloeo t« one boig which was 
canting off amall pieces^ apporenLly by the preA^nire of tho pent-up air. 

WhiLo jeeba^ eend the temperature of the up, land and eonat Line send It 
down. This was observed all along the emst In the Stiaiu of Bollo lalo. TMa effect 
Is due Ui the action of laud In ttiming up tho colder undenmler by the action of tidai 
And currents. A great desd of work reDmins to be done in aludying the effect el land 
and lihoils on the tcmpcTature of the sea, but obBorvatlimJ ihow tho effect not only 
hembnLon tho Iriidl and Engliah cnaals. 

From the point of view of Ihc nfety of our Si. Lawrence route, the eflect of land U 
moot impotteuit. The Icebeig causes us little woir^^ because we have only a vers' 
bon ice tmcli, but to find meiuis whereby the pnoxlnuty of land can be determined 
of the greatest importance. 


APPENDIX 2. 


LKTran to "Natuom*^ os icebeas 

EnrroR Natviik; I ha^^'e pl^isure In Bendlc^you a phnlogrephol Uio icebeq? arnund 
which wo obtalrted tho bolbemud linos published in the bwue of Nature fur 
(pU 2, % 1), I did not make an infftriTtnenLaL survey of llib berg, bai h im kfger 
than the Avenge of ihoee mot with In the Stiuit of BeUe lafe. Wc elghted oixf 2D0 
bfifgs during our trip and madts tzacwof many of them. Invaimbly the tempoature 
reseon the approach to a beig. Sometimes a jieii^I Ml of tumpontnrs resulted abeam 
of the b«g, but the ri» ef tcmpetmture was the one diaiACtcckiic oftoct. Tho two 
othiT phetpfnphfl dlustnie tho faniaatic sliapre seen in ice (pi. Z, % 1; pi. 3). I 
wi^ it were poivdble to furakfa in some way an idcsi of ihe woodc^tlJ colreizigi but 
I am tatUTIy unable to do ao. 
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In til# king Lc^l>Diig yoo can me ihij daiigmii# ovsfhau^fiTijf rii{g^ wMeh £■ caus«d 
by Ute uadnnnfcUif moldngp and the Upping cl tbo vmimei water waves agnicit the ice. 
Tbii ridg# k alwayia found on beip wbieh Jinv# net roeonLly tuTwed ever. 

In tb# record# which Mr. King wm# abU to gol tier ms in 1910^ bcsiii« the riao sif 
temp#tait 4 i« a Sail of tempcnatmB wm when tho riitp d^pfnvohod the ^miniu 

irebew with th# exceplion of one, TH«o lioiga were all floaUng in tho miun Arctic 
rurcnEit off the oa#tem coMi of Tji-brador. In the light of mj tecTUit wotk I foel ftofo 
that the drop in tempcTature wm due to tin? in^uence of the cold cufrent in which tha 



icobei^ WM anting. These cold eunenU exist in the maiii Aietle cun^t whoLher 
ic# M piwnt or not, but the pmHsce u( Uie ke k to slightly tbo lomjwiittjie. 

To BMut in Dliutnuon of my irmnlng please nder to the nuemthennognm taken on 
the AtUn Lin# R. M. S^ytrOwion taii4 Junn^Og. 11), Thia tecordi which kndirnottrace 
iTDin the chart on tlie k thmu^ the in Hack atn depth of IB ImL by th# 

Gipo Raceponte- After paseing the'‘ Cold wall” IheAmdccitifciitdTOfe iti Lcmpeia* 
turn legularly as the ship preceeda wefftwnrd. The ntnoll ^^nriatjoiiA up and down oib 
partly due in iwbei^ at dkhuic^ of 6 to S miles* and portly dun to roldnr 


Phi, lU«€n^TfLtbpfii4-n^Q Ttii wAnwoni, jjioTna ccrtJj CFnantr^ 
































































































Plate 2. 



ICEflEHa U&EO TO OUTAIW THE IS€THERMAL UhES. 



KGEBEflOSHOWrNQ THE EFFECT Of WAft« WaTEA MElTIIM. ObSEUVE^ THG OvEftKAhttJ- 

iNtt RiOOE Of TCE+ 

llih ii i^hriiiiiliii^l u^eI |if «vf)nliii1 fimn turn I ni? ovit. 
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ICtQEFKJ SH^7W]N^J THE SLEEPING WOLF. 
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nirrentir. Tha h<3rp wBff tmrhed Beaivil ^irwiDimd- 

land ccktftp but thii n^i^t of left fan be seen well nrarkpi^ by tiiejdipjfppofllt of tcmppr- 
AttuVr Thirti f hAVie pbAdjode- Jttffi we poMid tnapt of tb^ Icc eloAft to w^^tf 
ob%*ftd lo prT>€fti?d ^dEIWly hi beavy at tinuH. Thi? coldwr ,*iid pwifter Aretit 
cufrent curiad with il tho inrmcftF phTopoitbn of the lets, but it k well known lluil tbi^ 
mMer niETDDt cxwijs wbelher actutapiuiiHl by ietj or not, 

Tbjo ijroal diop in tetnpeiattLro |uflt before cdTniit;i7 abwn of otir b^genl het^ wge tmt 
due to the IotImmit Itenlt^ but to tbe iiifiuefieft of tho c5oM rutfent, Tbe o5®et of tb® 
iee i« to bold iha teiDpe*attiift! abtiiwmiiJly high. The dot led Ittie on iW 
ropzwntj bow i\\e tinnpemture would probably have mino had no ice been preeenb 
It would dopeud which wny wo appioaobed iMa bci^ wheiher a dmp in lempem- 
tuif would nviilt. The leropetature n«« rapidlyp whichever way w« appmeb It, 
I bavo nmiiy otboi trace? iHunlratkig ibe larrie Quiigp and for thin ivoBoti 1 was forced 
to aljandon the idoa that an keboi^ iienaihly toola the wnter In which it i? floating, 
I wm alflo unable to dud by calcttlllion tbml an ioebor^ could appreciably Inflnentre the 
fiea Water on account of ila alow rale of m^ldng. 

It i? very illuaive to dq»nd on laboratory tank expcrimenhi to illustratemt winter 
cifcruliiitipn. The condkiouM at sea m 00 veiy different. 1 wm very much nirpr^ed 
tiot tea hod during ray expeziraenln but ^nuuor more concluinvii evidence oi aeo- 
wnter dUmion due to the meltini;' ireWtgi^, A laigo numhor of ounducti^'ity tests 
v&i made of nw water, and these me desetihod in my Canadian Clovonunont loport. 
The fgllowbaf tnay be of mioieat; the readingoi were mode at 2®*^ C.: 

Thb/c 0/ oomhicfriaYwf qf mt witr takvn in /wfy 


Close to fpotindod bcri^» Cape Dould, NowfnimdlxiLnd _.. _..0. DTjOO^ 

Strait of I^oIIp IslOp ooslem end^ + IMS?? 

1fl milofi oustof Belle l^e... .fidSSd 

Cl«?e ^bemi bkJ^lwTK- + + -.N7S7 

I niiie north of aameberg...---------- +lMS0i|J 

ChMfl nbeanuBirao berg....— .. +<NS27 

SinOee ironaOiinieboi^g, 4(Mi76d 

7fi yards tn leeward of = ^...........-- .(M787 

^0yards to windvrard of »nin bor^ ..... 

100 yards tea Ic^wiid of a --------- --......-- .fM.W 


Tho nutnbftiM may, perhaps, indltute a, sUght effedn hut nothing Uke what I 
expected. My conductivity teals of the ica water bET^ught bach Imm HndBcras iStrait 
fit I&IO gave a v^lm of D.f^lSO at 23^ C_ CoirecUng for tempeniliirfl this oliriervatian 
ACmw to connect the tfm water entering iho BtraJt of Bollo lalo with tbit ia Hudaoni 
Strait. Eutwaid fmm liolle Jilft Strait tb* ctmdncllvUy riw rapidly lor m railea. 
afto which it becoroea nuiform up to 150 inllos- The greatest Arctic current awi^pg 
down dnee to the Labiadcir flho^e^ and in through tho Strait of iBello lile wbere the 
resultant flow is weatward. The following meMUreaienla of the efiraductivity ihmugh 
the ico track by ibn Bollo Jalo mute were obuined last Octob^ cm the MmpmA of 
Brimin. The valuee were ill measured ml a nntfuna tempetatufft d 35* C. 


Ah^am of Belle l^le.. .. . ,* 4 , Oh fKilftii't 

40 mlhseastof BelleJale - - ..............----.......... .O 40 S 6 

fiOmiJeaeaiitof Bello ble. -----.. .....-- - .05047 

l 50 mile&....#H<«««-H. .............p......-i-i.ii«.* + *........,.. p 051 ^ 

300 miliar. --- .06235 

.05257 

____ .06211 

150 mito,.__ ____ 4 *. .05257 
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It k QTidcnt that tliD gwt Anrtic ciuiiant k al a Ioww arfli>r olnjinltf, and tlmt . ]t)r 
enunw nuy be tnced ekii^ our UHteni 

In the Bulyapring whon the wetet ia cdU the Kewfinmdlwid akieflncn will And tbo 
oed in ^ vidnity ol the icebcig*. and will almyn obtain their catch than*. Per 
tape this k an indication of the waiinine influence of the faetEe^for the cod will not 
Live In xery coLd imier. 

luiiizner I ihftU continue mj olHcrvBtiotui mm with ittisnm&i to 

the mdiiwico ol kfld od the t«mf>Qfiytun} uf the «au I hop^ h^m kua^ la W *We 
to publkb hora ioniG typU»l micnKLh«fini:^siEB» liawtng thia effects 


lIcGuJe UjfirnEnmr^ Jimudry IWJ, 


H. T. B^hhwh, 


U-111 ■.? f ^ -fefHrilllHjp ^ iVA 

(l'•lonl Prof. H. T, Budm, F. It. S,> 
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HENRI POINCARE: H7S SCIENTTFTC WORK: HTS 
PIinX>SPHY.> 


By Crahi^ XoaDXANK. 


With the Buddeci death of Henri Poincarfi a great s^Adnoiiis corae 
to all lovors of jdtalism and of Bctdnce, Among all classes it waa 
felt that & treat %ht had been extinpuislied in the firmiunent of 
tliought. But that feeling was nowhere so poignant or so lasting as 
lunong tlioso who, in tlieir silent arsetnUs, slowly forge their weapons 
for the Blmgglo agmnst the unknown, in tlio workshop of the phyai- 
ciat, beneatli the dome of tlie astronomej*, or in the bare rtwm which 
Uie philosoplier so iichl 3 ' furnishes with Ids meditations, 

Henri Poincar£ was not tmlj' the unconteated master of natural 
pliilosopy', the intellectnaJ beacon wJmse penetrating rays could 
pierce all the r^ons of science. It was not for such qualities alone 
that we admire him, for ho had also tliose charactemtlcs which made 
us love liim. That b why for a csentuiy he, more Ihau ativ other 
philosoplinr, haa had ''that personal influence winch he idune can 
exercise whoso heart has not ceded to hk brain,” 

And now*, when death takes from ua this master whose task is 
done, it b thn man alone for whom wo moum. In tlie work which 
he left was tlio beat part of himself. ’When a man passes from us 
wliiln yot young, yot fuU of creative activity', of meutol vigor, of 
moral force, tlte weight of whose authority was conatajitl_>- renewed, 
then our regrets are l«yoiid bounds. !n our sadness we are angry at 
fate, for what we lose b the unknown, the hopfei mthout limit, the 
dbeoveries of to-morrow whidt those of yesterday promised, 

Otlicr nations regret the loss of Henri Po)ncar£ no less than we. 
He wjis received with unbounded admiration in Germany wl^iere, 
on die intitetioD from their univerddea, he several times lectured 
so brilliatitly on hU work, i^uch intellectual crusades were among 
hb greatest joys, for he felt that he was not onlj' carrying conviedon 
but fricnebhip as well. Philosophers, mathematicians, astionamerB, 
all spoke of him as the greatest authority of our time ("Die erste 

I T VinifilwT br pomlBlDa from Revn^ ijcs ThaX ligode, RdSh S^L (A, HU, pft, St-MA. 

* Att Ute pibfSH Ei»^Li4Ad qiuEalte losrki wts^ oxpnml bf FojacKr# imhi^ 

otbani bviiKtaL 

S5seci*—ail 1012—4a 
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Aiiloritat van dii?ser Zeit"*), Aiid just rocenLly une of the mcwt 
ctniiienl of An^eticon asironomerfir Frof. Moultou, ^ tuember of tlio 
National Academy of Sciences of the United Stat&iij vrmia of him 
that although France had the honor of giving hirth to this admhv 
able mEui yet ho may ho regarded as a geniiiB of the whole world. 
On Im tomb ahould he engraved llioso words which the English have 
pi^t on that of Newton, ^Jlortahi, congratulate yourselves that so 
great a man has lived for the honor of the human race/^* 

Wlien, contrary to all precedent, ho won such honor iimotig men 
of judgment the world over before the lapse of a century" or two^ wo 
may be sure that i}ia work of Foijicar^. was truly great and renuirka^ 
ble. But before glancing at that work as with tlio look of some 
beetle at ii majestic oak^ let us dwell for a few moments upon the 
thoughtful and captivatiug personality of tills loved master 

I THi; MAN AND THE 

With Ilia ruddy faee^ Ids heard tuniing a little gra)% and not always 
geometrically arranged, liis shoulders bent an if under Llie over 
present weight of hk thoughts^ the firat impression of Ilenii Pomcfirf 
was one of singular spirituality and imperious gentleness. But two 
traits wero particularly clLariUTtcristic in himi His voice, deep and 
musical and remarkably aniniated when speaking of problems width 
greatly movc<i him, and hk eye^, rather small, often agitated by 
rapid movements, under irregular eyebrows ^ In hk eye^ could he 
read the profonml interior life which unceasingly aiiimated lus pow* 
erful brain. His glance was absent and kind, full of thotiglii and 
penetrationi his glasses ecarcelj veiling its depth and aciitenm. 
Ilia short sightedness, poorly corrected by Ida glasBts, added to his 
absent look and made one say of Idm, is in the moon." Indeed, 
ho was often veiy' far away. 

Ijcgend began to form about him long before hk death and attri¬ 
buted to liim numerous traits, many of winch for liolf a century 
have been attributed to Ampdre, iKimo erroneous, some indeed true. 

It has been said that hc was absent-minded; absorbed in ^diougbt 
would be more e^act. Great thinkers, as well as all wiio are intcaso 
are akves of the br-erior t>Ti[mt which usurps their souls. When 
thought oaaumes control of a man it holds him under its claws a.s 
tlic Tulturo of Prometheus. The profound ^ions which posse^^sc^^ 
the aoul of Poincare left him no rest. Often he lost sight of the 
near at hand objects and the petty tlungs of daily Ufe, for hk %-tidon 
was closely focused on the infinite. It was when ho was troubled 
with the immediate and ordinar>- things of life, and hk judgment 
wojs then floiind os in regard to weightier matters, that he wa.s 
over really dktracted, if we use the word in its true etymological 


r 


UExni POINCARE—xosDMAxy. 
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In (Jie discourac in which ho waa honored at tho Academia fran- 
taisa, M. Fti6ddrie Masson wittilj narrated eet’oral anecdot-oa of thii 
absent-mindedness. Es|}cciaIJy ainusing was tho carrying off one day 
unconsciously by Poincarfi of a willow cage from the front of the shop 
of a basket maker. The incident was tnio, but upon inquiry we find 
that Poincarfi waa only 4 yeara old when it happened. How many 
men of genius. Indeed, how many men of no genius, are there at whom 
no one has over been astonished that at that age they did not show 
the prudence of Xestor in their conduct on some stroll I Nor is this 
at all for tho pu]q>Ofto of weakening our skepticism at that “little 
ttrienco of conjecture” which we call history. Poincar^ was lumsclf 
amused at al 1 such anecdotes. They saylie conceded n'i th a pi cufr 
ant smile, “that creates a legend" MorooTor, ho has very' wel! 
ejcpimned that "if wo meet bo many goomctriciana and nnturalisls who 
in the ordinary doings of everyday life show a conduct at times nston- 
iahi^, it js bacaiiao, made inattentive by their meditationii t<r tho 
ordinary things which surround them, they do not soe what Is about 
tlifim; it is not because their eyes are not good that they do not see; 
it is iMHrausc they are not seeing with them. That in no* way hindcra 
them from being capable of using keen discernment toward those 
objeefca which are of interest to thom.^' 

« The psych nlogicaJ charactoriatica of Poincard were made the object 
of an interesting and v^ay full study bj' Dr. Toulouse,' of which cer¬ 
tain conciuflions should be noted. This study was made especialli' 
as an o^tpcrimental teat of the cclohrated statement of Moreau cd 
Tours that "genius is a nerwoua disease," Wo know how Lombroso 
took up and amplified that idea and that ho thought that he could 
conclude from hk rfsearcbes that genius is inseparably coiuiet-ted 
lAith nen'ous troubles, eapeclfJly with opilepsy. Vet, despite all 
those researches and from whatover side they conducted t heir attack, 
Dr. Toulouse and his collaborators were unable to find in Poincarf 
tho least trace of neuropathy. All their mrasurtB, all their tests, 
sliowed them a man perfectly normal psycho-phjisioIogii-aJlv, posses in ■>- 
in cvojy way tho most harmonious and perfect equilibrium. Thus 
ho demonstrated at its proper value one nf tho most brilliant, one of 
the moal: scnsationnl errors of Prof. Lombroso. 

Becauae, pb}'siolo;§^.ally PoincarS was, despite his genius, in no 
way different from the average of ordinaiy' men, I would not fail, wern 
I a spiritualist, to use this as an argument in favor of a soul apart from 
the body. 

The instability of attention in Poincarfi was one of the characterise 
lies which most struck Dr. Toulouse. Indeed. Poincar^ had a habit 


’ ,V fiiiinSy [DU, JnLtUectuiJ Mperferity, «l, 3 <1Eaqulr« fflrkilnuinxajtiefci™ in- 

IfciufpiirtiirtaintatoetMlle). 
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of jumpuig from ono subjoct to anotliu' entirol}' mipuniifirtptlj of 
jumping^ if I may employ s slang phroEo, "from a cock to a donkey." 
In keeping witH this whs his habit, -rhicli often astoniahed strangers, 
of rising brusquely in the middle of tt conversation, ^'alkbg briskly 
for a moment, and then resenting himself. "Tltoso ore idena," ho 
Tould say, "which come and go." Perhaps we might thus compro- 
hend tho ‘‘demon" of a Socrates or the "voico" of a Joan of Arc. 

“Poincarfi U not an emotional man,” Dr. Toulouse ako wrote; "he 
is neither affable nor confidential." Perhaps that might have l>ean 
inferred, but Dr. Toulouse was certainly deceived. Polncarfi, retlrod 
'n'ithin the ivory towers of his thou^te, was insensihla to all that dis¬ 
turbs Uio hearts of ordinary men. Tfo liimedf used a somewhat lofty 
phrase full of n sad stoicism which would confirm that impression, 
when he said: "Tho sole end which is worthy of our labor is tho souich 
for truth. Thore is no doubt that first we must act ourselves to cose 
hiimon Buffering, hut why * Not to suffer is a nogotivo ideal and ono 
which would bo most certainly attained by the annihilation of iho 
world." If in the eyes of tho world ho thus Boomed to resial hia own 
feelings, wo ought, not to behave them the liasa sensitive. But to good¬ 
ness no Ices than to beauty Iwlongs the quality of modesty. Pnin- 
carfi was adverae to the familiarity of special fricnciBhtpB, because, 
with Benan, he felt that they Jimdo ono unjust and ware unfavoralilc 
to loiger intcri'StK. Xovcrtheleaa, his kindness was jw'rfect, even with 
those who imjiorluned him for advice or praise. Within those two 
concentric dnlcs, tho family and tho fatherland, modijm society has 
accustomed us to limit our oltruistic affections. He loved them 
dearly. Ho was too good a son of Lorraine not to feel hurt when ho 
thought of mutilated Fnmeo; in urhat sad lUid tniubled accents ho 
know how to speak of that great grief which htia left us twice ineonsola- 
life, oven Uiough emr eons seem to forget. But it was i^pociallv in 
his fainily, that cunlidcntial fatherland, that ho showed Hdthuut con- 
Blroint his charming tendemees of heart. Ho himself taught his four 
children to read, and I have known aspoi ts of his romiis with Ihuiii 
which would recall llcniy IV. but it would bo impnident to describe 
Ibcm here. Ifow far removed ho seeniH in these from that abstnu^t 
mind in which they would have us see him, nstirod like somo monstroiis 
snail tti thin the iniwcessi b!o convol u tiona nf hia thoughts. Moreover, 
ho bad the good fortune to live in surroundingg tho most favorable to 
creative work, in an atnwsphrrc of oilont affection and discreet quiat 
whirh the gentlo hands of tho women of hia household knew how to 
create around him. 

Poincari was attracted by beauty in aU its forms provided only 
it was noble. Music, p«ntmg, poetry, were hw preferred reiaxationi 
Even as to his science we will see that he loved it above ad for tho 
esihetSc pleosurs it brought to him. An anecdote is told of him by 
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If. Sn^cret which shown urD the dbdaiit witli which he nciglccted 
what waa not science for «icietico, or, if I may daro to use a new 
pliraae, Science for Art. The director of the ficole supfiriore dea 
t^l^graphes had asked him to dkcuas in a lecture a somewliat diCB- 
cult problem relative to I he propagation of dpclric cuirenis in cablea, 
Poincarfi accepted au«l solved the problem “at fimt sight'' without 
liaviug had tlio time to iliseuj^s it. CongTalidaiioua came from the 
tlirector. replied Foincari, “I have found tlio value of 

hut is it measured in kilograius or kdometerB It is useless to add 
that he knew very well what he was talkinif about. 

We aliould also recaQ liis brilhant sdiool days, Ida wonderful 
faculty for asaimiktioni ho followed ah tlm mathematical coui^ of 
the IScoio poly technique tiithout taking a ainglo notCp not because 
ho remembered tlie demonstrutions but becAUse ho could reason 
them out at ivill. Wo should recall tliat he was \ery skilled in rea¬ 
soning, but what does that prove? TIio greater jwrtlon of tlie 
teachers of malhematics iiave left no trace of thcmselved in tlie 
world. For it h one thing to asshnikto^ anotlier to invent^ and we 
know of Hcientists of renowTi who have not siiccocded in tuakbig 
ihcmselveH accrpte^l as fdlow's in our colleges. 

To lie complete iirr sIloiiM conclude by speaking of hh career, his 
rise to the vciy liighest raiik^ to tlie greatest honors given by siJciety. 
But tliat matters liltlo. Tliare is no common measure between 
FoincarS and tlxe many other men whose ranks and titles in this 
social ant liiU are equal to hb and of vrhom some one—I haveforgotten 
wlio—said, “their conceit ih concealed their incompetence.” Poin- 
carfip on tJie contraiy, never attached much w-eight sucli honors- 
Ho w'as deeply atid sincerely mesdest, lieaitating alw'ays to annouiice 
deJjnite conclusions and his intellectual attitude w^as constantly one 
of doubt. It is perhaps for that reason that among a dozen great 
scienUsta who huva lived during riie last century, he accomplished 
die miracle of never having made a smglo enemyp a single one hostile 
Ui him in sdetica. 

Ill his scientific work, Puincar^ touched ah llie great mathematical 
que^^tions. He did not merdy touch them as, from tlie miiltipliciiy 
of probloms examined, one might suppose — just skimming over them- 
This ^ticholarigclu of thought could not, would not, stop at the little 
details—for the small harvests to be reaped from tlie beaten paLlL> 4 „ 
i t was in tlie most ubsciire corncfs, tlie most maccassibla of matter, 
that ho knew luow by first onslaught, with great cuts with lib chbcl, 
to open patlis full of hglit and unknown flowers- 

Mathematician above all and before aU, he could clear fields for 
liimself in those studies aliich transcend reahty aiid wiiere tlio pure 
geometrician, lost completely among hb harmonious abstracdons 
and pure deductions, coustructs at hb W"ill, Immaterial, impeccable 
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l> 0 lQg!» of t^lrnnge bc&utv. The pvirc mHUtonmticina luis nt his b«ck 
mtlimte delights of such esthetic qutdity that it often comes to pass 
that he oq longer finds interest in tlio exterior world, lost in a Idnd 
of grand mysticism. PoiaearS, however, was not of that kind, 
although hia researches in geometry and analysis made ium the 
greatest mathematician of our times. Experience,’' he said, ** is the 
solo Eouice of all truth/' And those words acquired a einguler force 
coming from the mouth of the greateet theorist of our epoch. Tiiat 
was why among matltcmatieid problems Foincurd at lacked especially 
those wtiicli physics brought before him. TJiat was why he passed 
80 roaddy from pure analysis to mathematical phydea and then to 
cdestinl mechanics. And, finally, tlint wos why he come to refiect 
upon the vety foundations of our knowledge, upon the past and the 
future of our world, upon the value of our thoughts as we pass to 
the limits of wlmt we can know to the borders of that aby'ss wldch 
sepuratos phyncs and metaphysics and into wluch abv'Ss most of us 
can not glance except with dizziness. It tore from Pascal many 
superb aiglis of grief, yet Poincor^ could look at such matters as he 
looked at aU otlicr things, not with a uaeleas despair, but uuthout 
prejudice and foolish illudons, with simple, clear, and profoutid gowl 
sense; he knew how to look at them utid after a glance with hk eagle 
eye to sum up all in a word, 

II. POINCAR^:, THE MiVTHEMATR’IAN. 

“My doily mathematical atudica,” said PainCiirtS— "how sliall I ex¬ 
press tnysclfl—nrc esoteric and many of my Jn?iu‘oiu would revere 
them more from afar tiion eloao to." That is what he said one day 
to excuse himsdf for speaking on a matheiimtieal subject. When¬ 
ever he commenced one of Ids profound lectures, in which he charmed 
Just Estsners, be felt tlic need of thus excusing himself. Thus by Ids 
modesty he knew how to make us pardon liis genius. However that 
may be, you will permit mo to appropriate that remark for the pres¬ 
ent occasion that i may not heyoud measuro speak of the purely 
mathematical researches of Poincarti. It would require a dozen voors 
of preliminan' mathematical study for the curious reader to bo' able 
to know them, and if he were famlUnr with tlia elements audi os ho 
w'ould get in the ordinary colkgo course he might take a glance at 
them. 

Were I to characterize in a few words what Poincor^ brought new 
into the divers processes of calculus and which won for him the title 
*' Princeps ilathematicomm/’ widcli unominoua consent has given to 
no other man sinco Gauss, I would proceed thus: In algebra and in 
arithmetic, whore he introduced the new and fertile idea of orith- 
meUcal invariants and in tho general theory of functions, hia dis- 
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were ntimcToxis and would have giifficed for the gl^^Ty of 
several m^ttlieniatieUns. 

It was ospecially in tlie theory of differential equationB that the 
genius of Poincarfi showed ifinilf. If he spent on them the greater 
pan cd hb intellectual resources it was without douht most 

of the problems offered in the physical study of the univem letl to 
jusl such equations^ Newton was the fimt to show that the state of 
a moving system, or, more generally, that of the univense^ depends 
only on its ^mmcd^ot^?ly preceding slatOp and that all the changes in 
nature lake place in a conthmoiB manner. Tme^p the fincicnt^ in 
their adage, "Natura non fecit saltus/' had an Inkling of ik Rut 
Ncivten was the firetp with the great philosophers of the seventeenth 
centuTT,", to frcM^ the idea from the scholastic errore which perverted 
it and then to £tssuie its development. A law, then^ b only the neoes- 
94LT3" reladoii between the present state of the w’orld aiid that imme¬ 
diately prt^ceding, Tt b a consequence of this that in plane of study¬ 
ing directly a euccoasion of events we may limit ourselves to ccjnsid- 
erhig the manner in which two auccefisivo phenomena occur; in other 
words, wc may express our successiou by a difTcrcniial equation. 
All naturid laws w'hich havci lw>cn dbcovered are only differential 
equations. I/joking at it slightly diffeieiitly, such equations have 
b^n piisaible m phj^h^ Ijccaiiac the greater part of ph3^ical phe¬ 
nomena may lie analyzed as the succ^ion of a great numher of div 
mentary evonlSp “infinitesimals/^ all similDr. 

Tl)c knOAvIedge of tlus elementiiry fatd allows us to construct the 
differeutial equation and we have then to use only a method of summa¬ 
tion in order la deduce an ob9er\'abIe and verifiahle complex phe^ 
nomenon. Tins mathematical operation of summation is caJU'd the 
“integration” cjf the dUTerential equation* In the greater number 
of casis this integriitiDn is impossible, and perlmps ail progres.T in 
physics depends on perfecting the process of integralion. That wua 
the principal work of FoincarS in mathematics^ And in that line 
his work wa& aitiaziiig, especially in the development of those now 
famous functions^ the simplest of which are known as the Fuchsia fi 
functions (named after the German mathematician Fueha, whose 
work had been of aid to Poincar#), We may repr<s«?nt by these new 
transcendental function^p which are also called automorijhk+ curves 
of any de|!^> and solve all tinear differential equations wnth algebraic 
coefficients. Pomcarifi thus gave us, using the apt expressiou of hb 
coUeague, IIuiTibert, of dm Acad^mio des sciences, “the key^ of 
the algebraic w^orld*" Poinearfi himself used these algebraic tools 
in hb researches in celestial mechanics* 

To tell the truth, the Newtonian idea as to the continuity of phys¬ 
ical phenomeim has of late been somewhat battercHl down in several 
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phiCPd by tlio Rtw ami oilcl diec»ry of U't tha L-oaBtructioni 

nf whicb ^vonil physical discoveries have led. This supposes a cer¬ 
tain physlcoi diamntmuitj in the atomic phenomena wbieli produce 
radiation.^ Not wialxljig to go too much into detiiil on this subject, 
I am going to make a somewhat bold coxnpariaon, but one which b 
pcThnps not wholly void of lueaiiitig: The h%'po thesis of quant4i h03 
grown up Ricie by side with that of cemtiumty, just as in biolcigy the 
Lamiarldaii and Darwiukui ilieories of slow and iniporccptihle evolu¬ 
tion have come recently face to fare with tltose of sudden and dis- 
ccitiiinuous mutation of tlie Thitcb uaiundbt, De Vries. The lattcft 
by the new evidence which he has brought forwar<b has not dcstroj'cd 
the older lhcon"| he has merely enlarged it, shown its limitations, and 
left it intact in its greater significations. Similarly, the theorr of 
quanta, it b probablej will not prevent the greater part^ if not alb of 
physical phenomena from being capable of representation by differ- 
cDtial equations. The progress which the latter have brought, the 
physical discoveries to which they have led, notably in optics# in 
cleclrkity, and in ostroiiomy# olto their guaranty. Accordingly# tlie 
new fuuctioas dbcovered by Poincatfi will divaj^ remain one of the 
most hriUinnt contrihulioits which he brought through pure thcfsry 
to the study of external phenomena. 

If we study the cbaractcrbtics of the method of Poincio^ and of his 
mathematical genius, wc fuid ospec-bHy a w'onderful faculty for gen¬ 
eralization. Instead of starting, as do most students, wdth a study of 
the minor details, he jumped to the very heart of hb problem^ neglect- 
ing the intermediate details, like an sudsciouis conqueror, who, with¬ 
out preliminary skirmishing, makes hb first onslaught upon the 
master difficulty, the moat impregnable fortress, inventing on the 
spot the instruments for subduing it and then forcing its surrender 
without strikiog a blow. Then we would leave to others the iuvesti- 
gution and organization of the new province which he hod just won 
and poiis immediately to other conquests. In that sense we may 
speak of him as being '^*mora a conqueror than a oulontz^'ir-^^® There 
resulted that pecubar mcthrid of thought so noticeable in hb phdo* 
sophical writings^ so dbeoneerting at times to the novice and which 
brought upon him the reproach of being disconnected. True, Poin-^ 
ciurfi's prnecafi of reasoning was not smooth and continuous; he pro- 
rceded by successive bomwb which bad more the effect of a broken 
lino. But the profile of a diamond is likewise made of broken 
from the very virtue of which its brilliancy results. Such a logical 
method is noL lommon# hut, l»om:nring the words of M. Painlevfi, 

* Fd4j« 4 wmmdJi*! eicBllmUr In iha mis iMlon tli 4mUt tlw wMiAidj™ £4 

wlikjts Lbe tan: '^A phracAl «a in a fluifa Bciftihtrfll datinrt 

L( fnm tint nf iMat it nli to uwtfafr wlLhnui (t maiinnirui 

dn Udki. vdk. 7^ p, 3«1 
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^'Should wp lni surprisiHJ if a Uaii duts nut run wrtli ihu of 

Upon tlie vi'fj structure ot his thoughts^ upon the meehiinista of 
his m&rvelous c^rebml workshapp Poincoirfi has left us strange and 
suggests re confidences. Since wbitt we know of the u im cree comes 
only from its intage as rafiected te m throiigli our bruin, tjiai knowl¬ 
edge la aiTected by all the properties and defonnatioiiB of that, ituier 
tnimiir and psychology will without doubt one day bo tJie xiiaster 
sciencic. Aocordingly lli& psycbologieal apspects of a hrain Jiko that 
of Pomcar^f wliich lie has shown naked with mdi tuucrliing siii- 
ceiity, are of unequided interest. In studying the genc^U of mathe¬ 
matical uiventjoii, ^'wlddi withont doubt is the purest and most 
exclusively ratioiial process of our hroin becauso it seems the least 
conditioned by tlie oxtorior world/^ we find the most essentiul cliur- 
acteristji^ of the human mind which -wo may ever hope to get. l^- 
place has said, kncwletlgo of the motliods of a man of science ara iw 
less useful to the progress of science or towrird his own glory than the 
discoveries themselves^" 

Contrary to our expectations, conscious work, voluntary and logical^ 
did not witlj PoincorS play Uio most important part. Nothing is 
mon^ amuiting in that respect tlian tlio manrier in which he has told 
os of his discovery of the Fuolisian function. Tlus idea which strug¬ 
gled vaguely in his brain erne avemng after he liiul taken, contrary to 
habit, a cup of ooffee so that he could not sleep, took shape little bj 
Ottlo under the strangest of circumstances. Everyono has read the 
pages where ho baa told how he saw in duo proportion all the cliiof 
difhculticsi but did not eoiisidor them further, and tlien how, long 
afterwards, hi a flash, the Bolutions ho wished appeared to him when 
bo was putting his foet on the step of an omnibus* at another time 
when crossing a street, aud yet again on a gaologkal stroll in tlia mirlst 
of a trifling conversation. 

TIjo '^subconscious seif,^^ or^ oa some have pul it, “the sublhuinaJ 
flclf,^^ pla)"s in mathcnuLtieal invention fl. suprejino piirt. There where 
we belie VO rejison and will ruled alone we find some tiling appearing 
analogous ti> tlie inspiration whkh custom attributes to poela tnul 
ooTiipos4=*-rs+ And it is a troublcaonie ciroudistance that this subcon- 
ficioos self fluocccds in eohing problems and cvercoming dUficultiGs 
wdiich the conscious self could not. Is tlicn the Bubconsiuous not 
superior to the conscious solf ? Have we not here aonietliing witliin, 
wldch is greater than oiiraelvefl, a sort of divine is^nc€ superior to 
our wiH and reason wliich mokes tis capable of to^ka greater than otir- 
aelvesl \Ye can understand tbo imporianec of suoli a question and 
tbe spiritual sigmricanco of a positive nitpy. The positive mind of 
Paincar&, however, would not admit supernatural cxplaiiatii^ns tiiiloss 
absolutely necc&aary and in a pouctratlng and accurate mvestigation 
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he lilts a way to c^apo aucli a rotiiiliJBkvn, He makes ua aee 

how tlie atiton^tkm of tJie miblbnlnal self works only upoQ mateiiaJ 
wlikh the €QTiscioua self it and then explains how, 

amonij the great number of comblnatiom which the aubiiimnal self 
fonna, only those come into our eorvaciouaueas which are apt and 
elegant anci consequently affect our senses and attract our Jittention. 
The shnpla and most bartnoriious GOuatruction tiinis out to bo pre¬ 
cisely the most useful us exp^irlonce and reason repeatedly teaches. 
The esthetic sentiment for tlie harmony of form and numl>er and gfo- 
metrical elegance dDminates the tliought of tlio mathonLatician. Ilis 
soul ia fimt 4>f aU that of an artist and a poet. 

Ttsese views, so deep and true, are somewhat at Tariance with the 
classic idea of a matbeutaiician, reapectabioj exacts but rather ludi¬ 
crous wil-h Ills mechanical brain and an eye which the traditiotud 
glas^ have rendered blind to all beauty and hi whoso heart nature 
has placed^ u^tsiead of feeling, a table of seTcn-dsciiiial-placa loga* 
rithms. 

In unveUing to us in a man of scaonca worthy of the name^ a sonsi- 
tiTe and esthetic beuig^ Polnoar^ has again yielded to lug innate 
modesty. The limitations of our brain liave made ua oxttU its merits 
in our modem society where tlie ^^oult of intelligence^' rules; we huTe 
had imd perhaps still have a tendency to exalt ttie virtues of the will 
at the expciiso of tliose w’lucli come from tlie hi^rt. Wo hold as 
superior to all else the attributes of the tluhJdng man and so our 
just^co has a deep disdain for those who are irresponailjlc, though 
indeed w o do not judge that they merit punislvment. In thus show- 
ing U3 til at Lis bo logic al a tl^rclopmoiit for acioitco was dtio Jorgolv to 
hb subetmgciouB and inToluntiiry aad only partly to his conscioufl 
faculties, Poiiicorfi doubtless somewhat lowered hia own glory, per¬ 
haps that of all scientists in the eyes of aomo; as to that T imagino 
tliat lie would bo easily consoled. This man-eloiiB autopflycUoIogical 
study has explained one thing wlueh soemod at first verv surprising, 
liorw working only four hours, or rather cotisciously working only 
four hours a day, Pomcor^ wns able to produce a scientific contribu¬ 
tion perhaps greater than that ever mode by any otlior matliemati- 
cion. Uncontrolled by ids will, bis cerebral maoluno worked by itself 
nigJit mid Jay, without stopping. Periiapg otherwiso lie might not 
have died so young, Tliat interior flame which without rest, shono 
30 brightly, burned up too «oon the lamp which held it. 

HI. POmCARfi THE ASTRONOIIEK. 

In astronomy the work of I*ou]:car€ was gigantic. That scienco 
oould not have failod to attract Itan from the very fiist because of olJ 
the exterior world it offered to his power aa a generallaar, disdainful 
of conditions, the greatest and most lasting problems. There is no 
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otLflr brunch of uuturul pliUofigphy which proviilea to tlie mcditoliga 
or to estlictjd rcvftry flucli grandeur. Asta-oncmy is the motjjdr of dJ 
the sciences and it is sUli t^Kjay tlie mciat advanced^ that in w^ldch wa 
cttn best predict the future. 

The study of the atabiUty of our uniyeree has been for two centimes 
the fundamental problem of celestial mechanics for the solution of 
which the genius of mathematicians has striven. This portion of 
space wherein we are p[aced, the solar system, is it stable? Will 
tlu^se planets which wo have obaen'ed from time imniemorial con¬ 
tinue to describe invariably the same immense orbits with only a few 
periodic oscilliitions from their mean puaitions^ will they contmue 
thus indefinHcly in Uie future f Or will thia macliino so harmo- 
niously contrived, and w herein Wc at present see no apparent sign of 
possible destmetion, never become unstable and disappear some day? 
That is the problem. 

When Newton demonstrated that gravity acted not only between 
the Bun and the planets but also between the planets tbemseives, it 
w ag seen that there must result irregularities in the harmony of the 
solar Bystem^ that the reciprocal attraetion of the plsueto must 
slightly deform tho perh'ct elli]isra which the attraction of the sun 
alone W'emld have made tlicni describe. Truly the^e deformations tire 
small Itccause of tho amallnesa of tlic massea of the planets oompared 
with the central sum (Jupiter's mass is 300 tim^ that of tlie eartli but 
onlj" one onp-thousandth that of the sun). But might not these 
planetary perturbationSp accimmladng through centurii^ the effects 
already observable in tbo time of Newton, finally destroy ibe Kepler 
ellipses ? At any rate, the simple barmony of tho world of Kepkr no 
longer is real. Newton, strongly embarrassed by the foresight of the 
impending catastrophe, hits made, in his optics, this atltision to the 
planetar^' inequalitictf, "wliich probably,” he saya, **w'ill become so 
great in the lung course of time that finally the system will have to be 
put in order by its Creator.” 

In 1772 Laplace bolicved he was able to demonstrate tJial these 
feara were groundless. lie showed that the aeouJar inef^ualities of 
the planetary elements compensated themselves periodically at tho 
end of a sufficiently long perioi] and tho tenns of the firot order of the 
j)crturbations would disappear in the calculationa. That Imptios a 
stability of our s>’stem at least for a very long time, thousands of 
secular periods. Consequently, Laplace critieiJEed the deua ex 
machina invoked by Newton and somewhat haughtUy believed he 
could affirm, arguing from his resuha, that the machinery of our 
w^orld had bad no need of tho initial fiUip and that it wrouid go ahe^El 
indefinitely Without the need of outoido asaistance. Is it necessary to 
note that Uiere must be some fault In logic on the part of one who 
could suppose that- when the solar systotn had bo beautifully evolved 
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fpftm a n^btik tlie pmc<!s$ of pTOlution ii*oiild sU>p and t«™me fixed 
in eternal inimobilitj or perhaps lietter in invariable mobUity t But 
great men sometimes make slips in their logic. There were 
nevtT men who made none.* 

Lfiter* two celelimted mathematlciati^, T-^agratigo and Poisson, 
eonsidembly extendofl the s]^'^tein of Laplace. Tlie indefinite sta¬ 
bility of the planotan- elements seemed assured forever, Tlio 
adrlm*a deiiverf'd by nn astronomer, antJ he not one of the least p 
M, de Pont^i^onlant^ before the Aend^mie des Sciences, when tiie 
statue tjf Pobfltm dedieAte<lt well the state of belief of die 

world upon tins matter then, and it scarcely alteml at the rnii of 

the nineteenth centun^ 

'"For his mastcTpipre,” ho saiil, **Poisson bad the honor of solving 
tliat must important pniblenip the stability of the solar system, of 
which, after the works of Laplace and Ijagrange* doubts still existed 
in the most judtdal mtnds. In the future the hamiony af th^ cclestinl 
spheres is assured. Their orbits wU! never depart from the ahnust 
circubir form wlueh they have to-day and their respective positions 
will make only slight departures fn^m a mean position in which tho 
suecespiim of centuries will finally them revolving. The ph}"sieal 
univer=<» was therefore built upon indestTUCtlble foundations, and 
God, in order to conserve the human race, wilt not be obliged^ ns 
Newton wrongly lielieve<h to retouch liis work.'' 

So matters stcwal vrhm Poinrjart attacked the proldem^ Bmm diS“ 
coverii^ succeeded discoveries. Tlif' problem set is this: Being given 
several boilies of kmiwm inasises in given places and wirh given 
velodtiea at some known momentj to detetmine what rinse places 
and velocities will be at any future time, f. For a single planet, and 
the sun the problem k Completely solved by the laws of Kepler. But 
when planets and the sun an? coiradered the reciprocal a i traction 
of the planets upon each other must bo consulered. Then we liave 
the eelehratetl problem of Artt The dltriealtic^ of this latter 

pmblam are such that it can be solveti only by the method of aucees- 
sive approxiinatiuns. In the equations which led Ijaplaco am! hk 
successors to their condusions as to the atahility, the coonlbatcs of 
the planets were devek^poil in a series whose term^ were arranged in 
powers of tht' miisaas. Poincar^ first showeil that we could not thiis 
oh tain an indefinite eppmximaiiun and that the convergenee of die 
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scries hud been ussumetl withtiu t proof by those who ernplojed them, 
and thiit it ia probable that in the terms of liigher order, t, tho time, 
enters not only ’with the sine and cosine^ ’which would lead to periodic 
ct^mpeitifijitions of tlie irregularities, bat also outside of the irigomt- 
metric functions, so that certain of the tenns, at hist negligible^ may 
possibly increaae indefimtdy with the time. Hero ivith one blow lie 
reduced to naught tbs eonclusions of Laplaco and bis successom. 

Poiucard found later that certain new methods would allow him 
express in every case the coordinates of the planets m a purely 
trigonometrii" series, avoiding the inconTeniences of Ihe former 
methods, and he proved for the purpose a brilliant scries of now 
thcoroma of great generality. The rigorous proof of the stahility 
now- depended only on kno^^diig whether the new series would bo 
convergent. This was the knot of the problem, for beforo Poinciirf 
all astronomers had supposed a tr^nometric scries to be absolutely 
convergent. Pom car ^ showed that that opinion, deapife tho fact 
that it wua i-lassjcj was erroneous, an^l indeed that, when ive have 
represented the coordinates uf the planets by a convergent aeries 
which is not very’ different from tlmt employed by Laplace, will 
not have demoi:istratcd tlio stnbilitj of the solar system* Bei^au^ 
of these grt‘at. resiilt$, which arc like the c^rowning of three centuiioa 
of iiicessanL research, posterity will certmnly placse this new' treatise 
on celestial mcehanii's {Ijos m^thodea nouvellt^a dc la m^coidque 
o6lc9te) by the side of the immortal Prindpia of Newtou, AH future 
researches on thk subje^^t rniust be built upon the solid foundations 
laid by Pomc^ar^. 

Celeatinl mechanii^ in general i?onsidcra the planets only cs if aU 
their imitter vrere ronreniratcd bi mathematical points. It leaves 
nut of consideration the other properties of these objects, e^rirlontly 
generally negligible in compari$Dii with the Newtonian attraction, 
but w hose effects with timo may bet:ome'of import anco relative to 
tho stability of the systems. Attacking the question from a new' 
side, roincari show'cd that there an? three preponderant forces tend- 
irtg to mollify the orbits: The resistance, ’weak though it may be, of 
die interplanetaty medium; ihe tides which the planets luid the son 
produce upon each other; and the magnetism of the planets. The 
accumulated effects of these will fbioliy preripitate the plarieta into 
the aun^ That will be the end of our system of planets- Will that 
be the end of the human raco l Certaiiily not, for it is very probable 
that other changes will have ended terrestriaJ life Jong before the day 
of that final catastrophej the day'? no, I should not say day;, for there 
will no longer be day and mght, for our earth will t hen forever present 
the same side tow'ard the sun! Many reasons lead us to beheve that 
in the future as well as in the past the duration of htunan Uf® upon 
this globe will be infinitely small compared to the time our earth has 
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iia being. So those who feer that their end will be hastened by that 
of tlip solar system m»y be reasartired. The retinue of the sun onee 
disappeared, does that mean that other analogous and distant sys- 
leins^ srattered here and there like a liTuig dust, not exist in¬ 
definitely! That is a question much diseu^od at present, but which 
we can not anawer. 

The problem of the shape of a sCar resolves itself into thai of a 
fluid nutss rotating and subject to various forces, Xext to the 
prablsni of three bodies it is the moat important ontj of celestial 
mechanics. Hen;% too, Poincar^ made reniarkiihle <lisi:overies. They 
mark an epoch in the study of the subject, as Sir George Diirwin 
remarked the day he presented to Poincarf the gold medal of the 
Hoyal Society of London. Formerly but two figures of equilibrium 
were known for rotatbg f!uidS| the elipsoid of revolutidu and that of 
Jacobi with three unequal axes. PoLncari found through his calcula^ 
lions an in fini te number of others which are stable mid shaped liko 
pear^p whence the name apiodes given to this criass of bodies. The 
pear-shaped bodies iliscoverod by Poincar^ appear Ui havo an im¬ 
portant place in nature, as proved by the evidence from certain nebula 
uJid dose double stars. They enable us to get some idea of the mech* 
aidsm of that bipartition, somewhat analogous to that of organic 
cdla, which may have given birth to a groat number of binary sys¬ 
tems and which succcsrively separated the earth from the sun and 
then the moon from tho earth. 

Finally Poinear^ show'cd that no fonn of equilibrium is stable 
w^hon the velocity of rotation exceeds a certain limit. He at once 
applied this fact to that enigmatic marvel, the ring system of Saturn. 
Maxwell showed that the rings could tmt be solid and if fluid that 
their density could not exceed three one-hundrodtha that of Saturn^ 
Pomcar6 proved that if the rings are fluid they could not be stable 
unless their density is greater than one-sixtieth that of Saturn. He 
concluded that iha only alternative la to suppose that they are formed 
of a multitude of small satnlliteSp gravitating independently, We 
know' bow spec I rum analysis subsequently proved tbb nmn^elous 
deduction of this mBthemaiical genius^ 

A emol] portion oniy of Pomcarfi'ascierLtific work is included in that 
just describ€jd+ Even a superficial description of all w'ould require 
Tolumesp it k so vast. Before tuming to another branch of his work, 
that which will reveal his philosophy^ I feel almost, a kind of remorse 
06 I find myself obiigedj by tie iunitations of thia tribute* to pass 
over in silence oil those great discoviiries which he has so generously* 
almcsst indlffoTieiiUy* if I may use that word, worked out, always 
with the some mastery, in such difierajit branches of science, in 
optics, in thennodynomicst in eleetridty, or in astronomy;; some¬ 
times with daring strokes ho treated of the roiatkms between the 
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miittisr fljid tho other; again Imj compared tiio thouaontta of sujib of 
tlifl Milky Way to tha molecules of a bubble of gas, applying to thom 
tko kinetic theory and opening in tho a tellur univoree such Astomahing 
aspects; then from a my of light sent from one of the planets ho 
teaches us to loam at tho aame time the motion of I ho sun which 
sends the ray, of ihe planet which nedecta it, end of tho earth which 
rccoivffi it. But wo must stop; when wo era passing through a boauo 
tiful ami vast forest full of varied aspects, we tuiiBt not slop only in tho 
first pleasing shade we reach, for yet farther on there will bo found 
others where new rhythms will arouse our emotiono and enchant our 
oyce. 

IV. POlN'fARK TEE PEILOSOPHEH. 

From science to philosoph}' there is but a step to take, they 
90 bound and penetrate each other. Tho Greeks had but one word 
to express ouch. Even to-day the Erigikh call the physical study of 
Uio univarBe natural philosophy. Poincari could not escape that 
oltraction which has forced all tho great workers in tho o:Eact sciences 
fmm Democritus to d’jyombcrt, toward the end of their lives, to 
reflect ujion the primordial myalories of tho stranga universe wherein 
our ephemeral thoii^ts live and die. WTien. upon Ihe front of the 
Parthenon some rival of Phidias had cut that esqulsito equ^trian 
frieze, ho must havo stopped back a moment so aa to judge ids work 
ihii better as a Trvhole, and then later, forgatful of Ids own efforts, have 
become absorbed in the vast harmony of tho whole great temple, 
.ilnd so all tho great wise man worthy gf the name feel toward tho 
universe. 

Tho philosopliical ideas of PoincarS have deeply impressed all 
those who think. They have helped thtmi^ their tendendes to give 
the intellectual attributes of our gefleratlou its so definite profiJe. By 
singular chance they have BtirreJ tim most advorae camps. Each one 
has w’iahed to use them for their weapons; vain desires, for these 
ideas soar far above them, and, indeed, such ideas sometimes seem 
to unchain and roanimu to quarrels of other ages. WhencD dora this 
nian get tliia strange power of moving thus, dtspite himself, by his 
ihoughta alone. In this abstract clomain, in a roalistic epoch where the 
conflicts of ervety-day life press harder than over upon the world of 
ideaUl This power is due to Poincare's intellectual superiority and 
espoc ially to his there ugh smoeiity. In wha t way ore these new points 
of view which this great man has developed so suggestive, so useful, 
so convincing ? Let us try to find out. 

If wo exclude the bitter, ever-present struggle for bettor living, 
which does not gain in dignity as we pose from itoimff) to man, it 
seems as if all mon^s striving came solely' because he thlrsta both for 
truth and for justice. And we alivays find, save with Dr. Pangloss, 
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who was a mythological bcmg dead without dcsctindunts, rhal in 
wality juatic® is not (tlwaya tljo ndo. Tho two woftL*, Lrulh and jus¬ 
tice, which we ttro Bocuetomed to couple, tforresj>ond in & certain way 
to states which the very fiature of thin^ render mutually cicIusiTO, 
Sumo men, whom truth, the desirs for knt>wledge bbovo all elwa 
attracts, follow to their last consequences the dictates of reason even 
(hoy drown in tho biititmess of their doareot illusions^ The 
others, ever protoctod by that magic potion called jusike, and which 
some intuition, whence 1 know not, assures Utem must exist, dolibor- 
alely turn their uyes from exterior waUty which at every stop sijoiia 
t hfir rlroatn. To them it is enou^i that a thing bo just in order (hat 
it bo tho truth. Thmr inner ideals are a superior guide to outside 
riMvlity. 

Thu first mode serves as a mantle for divotse forms of materialisms, 
rationalisms, positivism, scientism^ tho second ruli« as mis I rots (o 
various spiiitiial doctrines of which tho most recent and augg^tiva 
b pragnmtbm in jta various forma. Contrary to its various predo- 
cesRors, pragmatism pretends not to ignore science. With varied 
shados and protenses, often mudifind by circumstances, these two 
tendencU'e have sepunitoil men as far back os tvo go in history, h'or 
CHJt it lie otherwbo in thu fuluru. As long as our nature b what It ia 
are wo condenuietl t*t tosa betwoon these two extremes, which are 
callt*d intelligence and seutiment, reasoning and dreaming, the mtJity 
imd tho idoid. We may sum up all hbtor}' of tho torments of huunm 
thought by that name which Ouetho gave to one of hb moat beautiful 
books, WahTheit und Dichtung” (truth and fiction}. 

Tlje conflict becomes especially bitter and iiritatiiig when it no 
longer takes placo botwoeri schools of thought but iastween individuals. 
Sometimes one sect seems to bo supreme. Oftentimes both lose. 
Tht' lovo for the ideal and the taste for ihe real, lost in the bitter con- 
tftjt, leave tho »oul empty and lifehass. Poincare’s i>liilosophy shows 
how we may challenge Imth of those tlogumtlc oxtromcH. Xor does hn 
do thb with anus rustwl and stacked in idle rc]x>so. lie has nothing 
in common with a vaguu ndecticism, w'hich, like tho costume of 
Harlequin, made of pieces and bite, tries in vain to cimceal with words 
the wounds received and which no longer survives except in our col- 
Icgo cducatloiiB, those museums of antiquities He attacks the 
problem at ite very foundation, assigniiig to each step its definite 
limitations, Hu gives us reasons for doubt, but at tho same time 
reasons for action, for loving the beautiful and tho true, even though 
thov may not bo accessible. ^£ay we not love the stars even though 
we can not touch them f 

To a superficUl oteorvw tdoDdfic naUi u beyond tho pale of dciubi; ocaendiic 
u iiiialtiblfi ; fiometiBaw m ia dfcceivied it id becituiw hn hiifl 
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^[Ath€?T^Ati^l!, trutlu in'e ijyjived from q f&w aeU-cvidcnk Axiomi fcy An niiJinp«fli^h+ 
ablp diam of They nJe not only over ua but ov^if JiAtmo horself. Hioy 

Umit in 11 way ovon tin? Or^aun-. Ho esn only bcLirccq a ffirsr pwblq gi^lu- 

dona. Wo nc&il, tben, only a fow iriala to know whsit cboiro bo ttuudo. From evciy 
expnriinent many rnn^uoiioes mny follow tJimugli a Krioa of dcMluc- 

tlen:». «di orm tofiElLii^ into koowltd^ of u^w cotuht of ibo unlverio- 

Notfr th& aifjfniflcanco of ihe'se facta fof tbo pcwd of tbo pooi^lo; tbo importance to 
thaw* coUcfea wblcb drat dlflcavor iho phy^cal beiau of flomo adontiOe (jiiiJi. But 
note how they have miauniii^iood the roktion of experiknenta and matbematiQ; for 
bundreda of yeara philcHopbcra have made worlda of tlreamo baaed aa little aa poodbk 
upon factrf. 

Pomciiir6 11 ret undertook to abow the wcatnesa of that creed which 
refers all phenontena to time, nimibon and apace, and which w'a« left 
to us by the traditlom of the seven teen tli and eighteenth centuries. 
Tlio ^‘nmthemalicai universe," that ilreani sketchinl by Descartes and 
elaborated by the great cncycbpsedista, expressed the very essence 
of evcrj^iing in an absolute, definite geometrical form. According 
tf* the Cartesian conception, all the properties of matter are reduoiblo 
to extension and movement; matter hid nothing fiuther. This 
ambitious dream was iiiduJged m not only by the people an<] the 
colleges, as Poincar^ Has stated, but even in our cist's by scicntlHLs of 
considerable repute, notably in the work of the celebrated German 
naturalist Haeckel, who developed such a system and with naive 
arrc^ance believed he hud solved the ‘riddle of the univeree." 

There has been quite a little doubt since Kant whether tlieso no¬ 
tions of time and space upon which this raetaphyBic^d stmeture is 
based, this abs^dutc pragmatism, if I may use that term, are not a 
little subjective. That at once rendeiu the very foundations of their 
St ructure insecu re. Bu t it was Poin card’s task t o show in a not easily 
refutable, scientific manner what wos to bo thought of these funda¬ 
mental ideas. For that lie examined in turn the various sciences 
based upon geometrical form; fijnsl,^ goometrj- iUcIf, then mechanics, 
and finally physics. 

Mathematics w-as first tried. Complete rationaiiam after baring 
first pursued dogma and the absolute into tJieir ancient fortress, by 
a Btrange and somewhat paradoxical turn restored them to mathe¬ 
matics. He believed that mathematics could not be what it seemed. 
There seemed to be something of fatality, necessity, which could 
not be got away from about h. When all our ideas melted away it 
aIodg Fcmoim’d solid like a rock m the ocean, under cover of the con¬ 
tingencies and the relative. 

ffow,if with Pioncarg we examine thosdeticesof number and exten¬ 
sion, especially the first principles, whirlj ore the most frail parts just ' 
because of their apparent and iindemonstrabje tniUts, w’o find this: 
The postulate of Euclid, upon wliidi iJl geometry ia based, states 
that through a point wc con pass hut one line parallel to a ^ven 
xeserr^u 1913-19 
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tight tine/^ For centuriei^ the {frefl-test efIorlA have been mutie to 
demon^triito that postulate^ and then during the last century tire 
HussLan rjQbatiM:;hef£ki and the Hungarian Bolyai almost simulta¬ 
neously idiowetl tlmt i^uoli a damonstratiozi ia impesaible^ Yet Llie 
AciidATTiia di3S Sciencaa each year receive* a dozeu or so pseudo* 
demonslriitiona of that postulate. 

LobatscheTeki did even better: Suppoaing that several paratlel 
lines can I>e drami through a point parallel to a given right line, 
retaining the other axioms of geonmtty, he proved a succession of 
strange tlieorems, between vrliich it was impoi^aiible to find any incoa- 
aistency, and built a new geometry, no more unimpeac.liable logically 
than the ordinaiy Euclidean gieometr;^. Then Riemaun and yet 
others came who ahower! that we could construct as many more geom- 
clrici* aa we \™hefh each perfectly logicid and coherent. TJic theo¬ 
rems of the?ie new geonietriea are aometiinc^ veiy odd. For instance, 
tJie following one^ imagined by Poine-ar6 hiniiself, haw been demon- 
Htratcd: A real right line can be perpendicular to itself, 

I imagine that architects and engineera would scarcely admit such 
deductiona, although they are in no way logically contradictory* 
That bringB us to the kernel of our diacus^ion. Tf, as ri^its from 
what has prccerletl, the a-xioma of geometry arc only conventions, or, 
as Poincarfi has expressed fchem^ ‘^^daSnitiona in dii?guige,^^ and if the 
Euelidcaji geometry is no more absolutely tnie than iLuy otiter, why 
liavo men chosen and used it? BecaUHC it is better adapted to our 
needs^ to our daily life, to the exterior ivorld in wiiich we live; because 
in tim world its theorems refined to the eimplest poaisible forru tho 
relationship!^ between Oiinge. A measurer could express Imt as 
(irrurately by meana of a Lobatschafskinn geometT)* the relation 
between the volume and the sides of a cube of wood. But it happeus 
from the nature of a cube of w'ood, or ratliiH" from the way our swsnsas 
comproiiend it, tliat those rplations would be more complex than wdth 
the ordinary Euclidean geometry- It m posaiblo to imagine a woritl 
80 coDstructed physicalt}'- tlmt men having our brains—that our 
kind of logic—would not find Euclidean gonrnetry the simplest. 

Geometry, then, is no longer the inner temple of the absolute^ Tfc 
is an arbitrary" creation of our intellect. It oan inform m onir rela¬ 
tively to the corresponding logical develnpmeatSp How'cver, in a 
ecrtaiji sense gcometiy depends aloo on experiencep since, as w’e havo 
just SMD, the exterior world appeam simplest in the Euclidean 
aspect. That does not mean that geometrical truths can be proved 
or invalidated by exjuainientp Our infitruments and our are 

imperfect( whereas a geometrical theorem which is not axactlv true 
is f!ibe. If meaifure with our instruments the sum uf the angles 
of a trianglB drawn upon paper, we shall never find them exactly 
t^ual td two right angles. Sometimes wo wiU find the sum smaller, bv 
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perhap!} a. milliontli. ns mudi smaller as you pleaso, but iiovortJielc^s 
aninller, wMch would verify a theorem of the Ijjbatschefskkn geom- 
etn% sometimes b little greater but suIEdeiit to conform to a Kiemann 
geometiy. Experiment, thcD, dots not show Uie exclusive truth of 
Eiiclidcau gcometn-, which, like the others, is at the bottom an edifice 
formed by logic. If the Eiiclidoaa method is bnate to ub, it is iloubt- 
1^ because of ancestral experiences, because the brahj of man has 
little by little been adapted to tlie e.xterior world by natural selection 
and because Euclidean geomotiy has proved to be “the most advan¬ 
tageous to mankind; In other words, the most fit." 

If in matbomatics deduction ia ahnost all, fact almost tiOlUing, we 
find the reverao in the observational Bcienccs. Pure deduction can 
teach IIS vciy little about nature except in an ituliiuct way, and then 
only because our bruin has little by little Ijccome Imnuonizcd l.) the 
exterior world with the fewest dashes possible. In that sense, rerw 
tamly, the study of our mtcllect loaches us indimeUy of the nniverao 
itself just, aa the apfiCBrance of a moriid wound indicates to the 
medical export the iustnmient employed and the gesture of the 
assassin. But tlint evidence is nut only indirect, but it is incom¬ 
plete, for it tcUs 118 nothing of those external conditions not involveil 
in the fldaptatioij of the species. These latter are the more numemua. 
Accordingly, the ilimwverics due to the axperimental sciences are 
unlimited, whereas those from pure deduction are doubtless liraited. 
It is better to observe than to reason, and doubtless in that sense 
Poincare is to be understood when he wrote in regard to the methods 
of the physical sciences: '‘Experience is the snle source of all truth. 

It alone can teach us new tbin^. It alone can give us certainty." 

But, then, should not the theorems of mathematical physics, 
which are but the synthe^s ami expression of ph^-sical exporiencesi 
furnish us with a definitive, although in a way dogmatic, image of 
the universe such as certain philosopliies have promiaetl ? We once 
helieverl so; but baring observed how precarious was the fortune of 
such theories and how rapjdiy and repeatedly the moat brilliant gave 
way to othera, some have been pleased to call science futile and oidv 
n source of error. But Poinear^ has shown that physical thcorim 
deserve neither such excesses iif honor nor of imfignity anil has 
brought their blind adorers as well as tbeir systems lie dotractois to 
a more sane view. 

OteervHtion and experience furnish the physical facta to tho 
pli_vsici8t. Should ho be content merely to accumulate them ? No 
fur “he must coor<Unato them. Science is buUt with facts ns housed 
are with stones; but an aceumnlatinn of facts Is no more a scienco 
than a heap of stones a house;" and, further, a physicist must 
‘predict"^ phenomena. So lie generalixea what be lias obsenfed, 
inlerp«.lating, connecting by n hno the isoJatt^i facts; then he pro^ 
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longa Liiat line, extending it int<) n region not jet ol>3rrrved wbem the en- 
ordinMtesof hb curves indicate to liim nowphenamcnai Then by funJjer 
experiments he may teat ihtw predicle^l phenomena see whether or 
not ho has truly pretiicte*!. If trulj^ then lib extrajiolation web juati- 
fieci and expresses real Telaiionaidpa;Tf not, then he must tiy again. 

Unless 1 have been deceived, the picture Just, sketched indicatf*^ 
just exactly the purjioeo of mathematical physics and the pitrt it 
plays both hi synthesis and in prediolion^ The maUiematical 
expressionfi of physical tliooiy are dgebraio translations of the 
cTuri'CS such as I Imvo just described and wiuch the phyaieist men tail j 
dring's. The hotter a phy^cal theo^ expressee the real relationstd|is 
between the phenomena, the better will it predict hidilrn relations veri* 
fin bio by trial and the moro useful it will the more fit. tiie tiioro true. 

But the tnith of a theory must not be mbunderatood. Pfo iheoiy 
could be more useful than Fresod'a in attributing light t<i moViv 
ments of the ether, To-ilay wo prefer that of ilaxweJi^ wliich sup- 
pf>aC!S light is due to oscillating dectrie cumenta. Docs that mean 
that the theory of FreajnBi was erronoouEl No. for tho object of 
Fresnel was not to prove the existence of the ether or whether or not 
it b formed of atoms, whether thesse atoms move tliis or that way; 
liis object wfis to predict optical phenomena. For that the tlicory of 
Fresnel serves to-day as woU as it did before Maxwell. T^Tiat 
cliang^ is only the picture by which we represent the objecta between 
which the physicist has discovered and proved relationship#. Various 
rofiaoi^ moke us from time to time change these pictures wlucli other- 
wTse are imimportent. But it is these pictures idone which chaiigo; 
the rdationfihijjs always remain true provided they rest upon wiJl- 
obeerved facta. 

Jt is because of this common foundation upon truth that tJie most 
ephemeral thonrir^ do not tlio in every part; but like the torch which 
i.lie couriers of ancient times passed on from liand to hand, each 
llieory traiiauuts to its successor that which is the only accessible 
realityT namely, tho group of !aw^ which expresses the rclatiDnshipa 
existing between thinga. These conclusions reached by Poincarfi 
roifltivo to physics hold as wall for the other iinmchea of sdence, 
chemistry, tho biologicaJ scionceH, oven for those sciences winch are 
yet young and classed as moral or sodaJ, aineo they all braitch out 
from physical anti accordiiig to their nature, have fur their final 
object the foundation of their more or less complex laws upon those 
of phyisics; accordingly, upon the latter wiU be based aU of our 
knowledge of ilia w'CFrld, 

Ii is clear that tho conclu^ons of Poincarfi reduce to ita proper value^ 
ivhich ia ft minumumi a certain common matcriolmin w^hich dreams of 
nttaining the alisoliite and itidosing it in several differential t^tjatiouja* 
There is not, then? citn not, be a tnetephyaieid concepdoti of science* 
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Thofla whoj ill Iht^ miina uf Ptiiinyir^, hnvp prodaiintd lUie^v" the 
fiiiltiiT of scienee liAva uul utidf^tHtood liini, Otherwiao they wou)[l 
have spfln that ho brtttered down ordy h (XTtain int-erpret^tjon of 
aeianee niHcIij by men who did not know it at idL Tho attitude of 
Poincai4 has n,utiling in enninHin with that of the meri of tlni rank 
and file whose agnc^ticiam ill conccub their ignorance and xipou 
whom he sometimes liked to use his Lndulgont irony. ''It ia not 
enough to doubt indiscriminatdy; we must luiow" why we lioiibt.*^ 

The fragilE nature of theories pmvi^ nothing against 

jseience; they are only show shop windows, frames whendn we 

arnmge more or less conveniently our treasures. It is just tho sama 
m when for our w'orld's fairs we gather together oil the most marvel¬ 
ous proiiucts of our industries in ephemeral palaces built of mill 
boards but of the most brilliant designs; luid then Ua^atiso the wind 
and the rain demolish Ihese structures of bc»ards^ if wo try to keep 
them too long, or bocaitsa we ilomollsh them ourselves !o build again 
tdhors yet diJffemntly to anew cmr products, who w^guld ilare 

to say tluit our human industries had failed I But that h ju$t the 
way iheso men rea^ont wlio^ may I so oall^hein, are the perpeiua] 
astiignees of the failure of srienre. Is it not just lis a blind man 
would reason it it orourred to him to disparage the light of the stat^t 

But, Eido hy side of these simple and bgeiiuous do tract ore* there 
has recently arisen a new class which criticizes and iliminlshes iho 
value of science; they uphold a body of doctrine due to a very intel¬ 
ligent, educated t subtle set of men w'ho belong more or less to the 
DOW school of pragmatic philosophy. They protend to draw argu¬ 
ments from the ideas of Poincari. TVbat would ho think of themi 

What gives pragmatism its absorbing Intoreat ia that wliilo not 
ignoring science, arguing indeed from its resultap it appeals to other 
criteria than reason. But this is not the time to o.xaniina these 
doctrint^. Tn order to know what PoincarS himself thought of 
them let us ask lunu There at oneo arisea an essential antinomy. 
The aim n( pragmatism, whence its name, ia action, practkjil service, 
Olid if science has a value it is aa a mean.^ of action and because it 
fumiahes us with practical and useful iides. To Poincai^, on the 
other hand^ it is knowledge which is the end of action. If he waa 
glad of industrial develo[>ment, it was not only because it fumlsheii a 
ready arguiuent to the defenders of arieneej but alw beeauae, by 
freeing men more and more from material cares, it would some du? 
give to all the leisure lo work for science. 

This point of view is not only full of nobleness and beautjt it b 
indeed richer in useful consequences than utUitarion pragnuitkm 
itself. For a century and a half the pragtiialLsta as well as the poai- 
tivkbi (how CUD we refrain from worulcring at the strange lioml 
which urdtci? tvro $uch dlilcrent schools t) looked upon the discoveries 
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Ts-hicb Geilvajim and Volta made upon the frogs as perfectly idle and 
Thcaie men of science with a whoUy disinterested ciitii>ait.y 
ardently pursued their researches. It is from these little experimenLs^ 
more or less then a plaything for the idle hours, that aU our electrical 
iiuliistries with their inuumcrabie prjictieal consequences have sprung. 

To Hinny pragmatists acicnto b only a nominal thing; the scientist 
create the fact tlirough experiment; then he lienatur^ the rough 
facts, trailsformiiLg them into "scientific Poincar^ repliiH;, 

fihtiwing that “all ii scientist creates in the fact b the langin^ by 
wliirh he expr^^sscs it;'' If some day we find that the Htatemeni of a 
phyfdcal law b inconiplete or amInguouBp we have merely to change 
the hinguage by which it was ex preyed. Because the language by 
which each one expresses the deeds of ilaily life b not free from ambi- 
giiity, should we conclude that these happeiiinga of daily life are 
only the work of grammarians 1 

FinidJyT and this is the aulmiimting point, the pragmatists con^ 
sider scionce an artificial creation, contingent^ uncertain, and teach¬ 
ing U3 nothing of objective reality. Has not Poincarf ahowrit indi^, 
thill the mathematical sciences are contingent and that physical 
thwrte exprcftss only the relations Iretweeii things and not the objects 
thenisdvca? But here Poinar^ calls, "^'Haltr there!^^ He shows that 
the only objective reality is preciady these relations between things. 

The first condition of the objectiTity to us of exterior objects is 
that they are common to other thinking beings, whbh fact we may 
know by comparing their impressions with our own. Perhaps, in my 
opinion, Poinearfi goes a littlo too far when he affirms that this 
guaranlecis the e-xiatence of the exterior world, that ihb sufGcea to 
tlbiinguish the real from a dream + We could, indeed, imagine our 
whole life ft dream, with beings similar to ourselveg telling ns of sen¬ 
sations analogous to our own in regard to objects, so that the fiction 
of onr dream seemed outside of ourselves. But this is not the place 
to dbeuss the reality of the exterior worlds wnce its existence is pos¬ 
tulated both in the scientific and in the opposing theories. The 
exbtence of what wo call the external world being placed bovond 
doubt Iwith by the scientists and by the pragmatists, it results clearly 
from wbat has just been said that since it h through “dwcoume/' 
language, that men exchange sensations^ there is no ol)jectivitv w'UIi- 
out “iUsjcourae.” Discourse trhich, accord ini' to cerUm nominal Mts 
creates nonGxistent fact^ and is a veil before objeclivitv, bticumes, 
<m the contnii^', its necessary eonditijcjn. But, on the other hand' 
''tbfl aensatioDs of others are for gs au etemaily closed world/' I 
shall never know whether the color senaatimi produced upon me by u 
hlm't and t>y the first and third airipca of the French flag are the 
same as youj*. All that I know is that, with you as with me. the 
bluet and these stripes produce a similar seuaatiou which we ctiil 
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blue, or otherwise, and lliat the third stripe, with you ua with me, 
produces n differeril senaation from the first. Thus what ia “pure 
quality" in aeufiations ia nontmrisnihiaible and impotietrable. Only 
Uio rd at tuna bet ween the aetiaations are transmiasihlu, and truuite- 
qiiently may have an objective value. And that is why science, which 
fumiahea us with the relations existing between phenomena, tella ua 
of all that is purely objective. 

The profound and subtle criticism which PoinCHirS has made of 
scientific theories leads us in no way to agnostic eonclusious, Tho.se 
who have tried to utw it to contest the value of science have reasonnJ 
wrongly, 

[Here foUon's in the origmal French, SecUon V, discussing Poin- 
caii*^ and the moral problem, which is necessarily omitted from the 
present trarialation on account of the length of the entire paimr.] 

VI. CONGLtmiOK. 

A great inventor, a great philosopher. Poiiicurg was also a great 
writer. Tf it were for literary merit alone he would deserve study. 
His language was vigorous and vivid, with n conscisen^ and clear* 
ness pecuikrlv Frondi. He did not flisdain to clothe any profound 
thought in the garb of a pretty phrase wherein he grouped himself 
with the encyclopedists who, like d'Alembert, believed a precious 
liquor yet finer when served in a findy cut glass. 

The last century has produced experimenters of genius like Pasteur_ 

men of astojiishiug intuition like Maxwell. It has not produced man 
who have done as much as Poincarfi for the progreas of the purely 
dediietivti sciences and for mathematied discipline, or who like him 
could “think science” and place it exactlj. The picture wliirh he 
has left us is at the same time sad and encouraging. Science has its 
limits. It can know only the relative, but in that it is supreme. A-s 
to wishing to penetrate into whnt ia called the ahsoluto—ihu “ thinga 
in themselves”—these questions are not only insoluble but Olusot^'' 
and void of sense. Science is an asymptote to the total truth as ia the 
hyporhola an asymptote to its directrices, and futher, like the hjqjer* 
bola, it extends without end. 

In the somber forest of mystery, leaniing is like a glade. Men 
enlarge continuously the circle which borders the clearing. But at 
the same time it continuously touches the shades of the unknown 
at a greater number of points. Ko one on the borders of tUs glade 
has known how to gather newer and mori! magnificent flower* than 
has Henri Poincard. So, as long as there are men who think that it 
h noble to live at the summit where bamh truth is enthroned, his 
hforaine name will tremble on tlidr lips. 

If T may paraphrase a famoga saying, ho was one of the essential 
idements of human thought. 
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